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PREFACE. 

This work is designed to give a condensed and crystallised account of the 
science and practice of iron, steel, and brass founding in such a way that 
it may prove of the greatest benefit to all connected with the production 
of castings. The field is an extensive one, but so far as possible the authors 
have drawn from their combined experience gained under normal foundry 
conditions and under the conditions of experimental laboratories arid works. 
Practically every operation described has been personally followed, and the 
spirit of the book will j)e found to reflect the experience of actual workers 
and not merely spectators. 

Although primarily intended for foundry managers and foremen, or those 
who aspire to such positions, the authors trust that their work may become 
as much the literary companion of moulders and apprentices during the time 
they devote to technical study as the tool-box is in their hours of moulding. 
Much of the matter should also be of interest and value to the engineer and 
designer as well as to the student of general metallurgy. 

Reliability throughout has been striven for, and the intimation of even 
seeming error detected by any thoughtful reader with a knowledge of foundry 
practice will be welcomed ; whilst suggestions from a similar source tending 
to increase the usefulness of a future edition will receive careful consideration. 

Wherever possible, acknowledgments have been made in the text. Our 
heartiest thanks are here tendered to Mr Arthur Simonson for his description 
of the Tropenas process ; to the several manufacturers or their agents who 
have supplied blocks for figures 8 to 12, 43 to 45, 123 to 125, 127 to 130, 
132, 136, 169, 190, 191, 193, 194, 197, 199, 201, 203, 204, and 217 ; to the 
Iron and Steel Institute for 173, 175 to 177 ; to the West of Scotland Iron 
and Steel Institute for 236, 238 to 240 ; and to the Editor of Pagers Magazine 
for 243, the last eleven being all from our own papers ; also to Mrs A. 
M William for preparing the index. 

A. M«W. 

P. L. 

Shkffibld, April 1907. 
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GENEKAL FOUNDKY PKACTICE. 



CHAPTER I. 
INTBODUGTION. 



The art of founding has been described as making a hole in the sand and 
filling it with fluid metal. There is a simplicity and directness about the 
definition which entitle it to respect, and leave it suitable for the general 
reader ; but for the practical moulder or founder looking for help in his work 
it is lacking in detail. Before proceeding to a more particular consideration 
of founding, it may be well to glance at its early history. Antiquaries con- 
sider that the art was known before the days of written history. Cold 
working probably preceded melting and casting ; for example, meteoric iron 
and surface deposits of copper may have been utilised by roughly hammering 
pieces to the desired shapes. This stage may have been followed by that of 
liquefying the copper and casting it into baked clay moulds, for in many parts 
of the world both cast and hammered weapons of copper have been foimd 
which are probably of similar ages. The addition of tin to copper may have 
been made purposely, or the presence of the tin may have been due to the 
smelting of copper ores containing tin, but in either case the product is the 
ancient metal bronze. The general composition of this bronze is about 90 
parts of copper to 10 of tin, and in later examples lead has been detected. 
Ancient Egyptian tools are reported to contain 12 per cent, of tin, whilst 
Greek and Roman tools have a composition varying between 88 and 90 per 
cent, of copper, 12 and 10 per cent, of tin, with traces of silver and zinc, the 
last two probably accidental. An old writer, Theophilus, gives as a composi- 
tion of bell metal, copper containing one-fifth of its weight of tin, which, it is 
interesting to note, is the British Admiralty specification for bell metal to-day. 

In England, according to Sir John Evans, the bronze period extended over 
several centuries, and in all probability it had merged into the iron age a 
century before Caesar's invasion of Britain. 

The ancient Egyptians were essentially stone-workers, and it is claimed that 
the tools employed were of hardened and tempered bronze ; it is further stated 
that the method of hardening bronze to the same degree is now a lost art. 
This requires further confirmation, for, considering the advanced state of 
civilisation prevalent in early Egyptian times, it is not improbable that they 
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may have been familiar with steel. Implements of bronze buried in the earth 
are fairly permanent, whilst those of steel or iron in the presence of air and 
moisture are rapidly rusted away ; therefore the relative scarcity of the latter 
in certain deposits is no criterion of the relative numbers in use during the 
time these deposits were being formed. It is also of interest that the first 
cores were of iron, namely, bronze liners cast round a small iron shaft. In 
such a case the iron would be fairly permanent, and specimens so treated, 
dating from about 880 B.C., are now in the British Museum. The birth of 
cast-iron in Britain occurred between the years 1345 and 1355, and the first 
home of the new industry was in Sussex. . Iron-founding was first practised in 
this country about the year 1500, and the first cast-iron cannons were made in 
1543, while by 1595 cannons weighing three tons each were made; a record 
of progress illustrating alike the adaptability of cast-iron and the development 
of iron-foimding. So far as this country was concerned, further progress was 
prevented by the limited supply of wood for conversion into charcoal, then the 
only suitable fuel available. In the seventeenth century, Dud Dudley success- 
fully prepared coke from the Staffordshire coal, and James I. grantied a patent 
for the invention. The coke was used as a fuel in the blast furnace, and cast- 
iron obtained. Owing to certain troubles and misfortunes, Dudley relinquished 
his process, and not much progress was made until in 1713 Darby revived 
Dudley's process at Coalbrookdale. This was put on a commercial footing, with 
such success by the younger Darby that in 1790 there were 106 furnaces in 
blast, 81 using coke and 25 charcoal, the weekly output of the coke furnaces 
being 17 tons and of the charcoal furnaces 10 tons of pig-iron. The revolution- 
ary improvements in the steam-engine introduced by Watt in 1768 gave a 
further impetus to iron-foimding, and from this the record is one of steady 
progress. The crucible process for the melting of steel (Himtsman of Sheffield, 
1740), the introduction of the Bessemer process (1856), and of the Siemens 
furnace (1867), all had their effect in the steady advance of the foundry, and 
were each in their turn employed in the manufacture of steel castings, as is also 
the basic process (Thomas and Gilchrist, 1878), at least when worked in the 
Siemens furnace. In more modem progress in the founding of metals and 
alloys, the improvement in green sand, dry sand, and loam moulding are note- 
worthy, castings of almost any size and form being made daily, although the 
advances in machine moulding form the greater feature. Progress in founding 
must not, however, be judged solely by the usual rule, " the extent of the adop- 
tion of labour-saving devices," and many writers err in this direction and label 
the whole foundry industry as retrograde, simply because they may be 
acquainted with a few foundries in which moulding machines are not extensively 
adopted. In many foundries not controlled by foundrymen, moulding machines 
have been installed imder unsuitable conditions, and the result has been the 
locking up of the capital involved. The whole question is considered in 
Chapter XVI. ; but it may be mentioned here that the founder's art seems 
recently to have come in for more than its fair share of amateur advice and 
sweeping adverse criticism from those who do not realise that each new form to 
be cast is a new problem, that each new set of requirements necessitates a metal 
of different properties, that the successful practical and technical founder must 
be an ever-alert and living man of good judgment, and that the business cannot 
be reduced to the employment of moulding machines, motors, and a card index. 
The experience of the authors gained on the moulding floor, at the melting 
furnace, and in the foundry and research laboratory, together with their 
reading on the subject, leads them to the conclusion that advances have been. 
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and are being, made of a magnitude commensurate with those of other 
industries. 

In the last twenty years information as to the properties and uses of metals 
and alloys has greatly increased, as is testified by the high tension bronzes, 
the better qualities of cast- and malleable cast-iron, and the great development 
of steel castings. In the literature of the subject much valuable matter 
relating to the scientific aspects of founding has been published, but much 
also that is confusing and misleading, so that the founder must be on the 
alert to winnow the chaff from the grain and absorb the latter. The yoimg 
moulder of to-day enters a splendid heritage, which, however, involves high 
responsibilities, and his aim should be to continue the work of the past. 
Every moulder may become a pioneer ; and any real advance, however slight, 
will bring its own reward. 

Given an ambitious young moulder, what ought he to do in order to 
become thoroughly conversant with foundry practice? Naturally, the first 
essential is that of moulding, and the greater the amoimt of practice the 
better. It need hardly be stated that practice in moulding must be acquired 
in a foundry engaged in the production of commercial castings. Further, 
moulding experience should include, if possible, the three branches of green 
sand moulding, dry sand, and Joam work. If, during his apprenticeship, the 
young moulder can obtain experience of these three branches, he will be 
fortunate, and should eagerly seize every opportunity for acquiring it. Whilst 
undergoing this training his evenings will be free, and these, during the winter 
months, should be devoted to study. Evening classes are now within reach 
of all foundries, and the first classes taken should be elementary mathematics 
and machine drawing. Some acquaintance with mathematics is necessary ; 
and whilst the ability to make a working-drawing is useful, it is absolutely 
essential that the student-moulder should acquire facility in reading working- 
drawings. Following these classes, the next in importance would be elementar}' 
stages of chemistry, mechanics, and heat. These subjects are essential for 
their own sake and as a preliminary training previous to entering on the 
study of metallurgy. In order that conditions may not be too severe, the 
young moulder might devote the first three years of his apprenticeship to the 
five subjects, and leave the winter evenings of the remaining four years for 
the study of metallurgical science. 

Once a habit of study is acquired, the learner will work out his own path, 
and his training will have so increased his powers of observation that his 
daily experience will call for wider knowledge ; when he has attained to this 
stage he may safely be left alone. It must not be forgotten that even seven 
years' apprenticeship, with attendance at evening classes and home study, will 
not make a complete foundry man. Knowledge is not easily gained, and 
training is never complete. It may be thought that the outline here given is 
too much for an apprentice after doing a full day's work in the foundry. 
Naturally, it involves considerable strain, but the authors are advocating 
no untested scheme. 



CHAPTER II. 

aENERAL PBOPEETIBS OF MATTER. 

Those who have had the benefit of a good groundmg in Natural Science may 
pass this chapter over, unless in so far as it may refresh their memories 
and perhaps be suggestive of application of their theoretical knowledge to 
their practical work. It is intended for the beginner, not only to show him 
the least he must study, if he would attain to the fullest development of 
scientific method in his present work and in the gradual attainment of his 
practical experience, but also, incidentally perhaps, to encourage him to begin 
the work by showing a few oit the more obvious applications. In the future, 
such a chapter may, and most probably will, be unnecessary ; but the wide 
experience of the authors leads them to insert it as at the present time 
desirable for the end they have in view, namely, to attract and help all who 
are thinkers and workers ccHmected with the foundry. 

The number of difierent kinds of materials dealt with daily, even in foundry 
wor]^ might well appal the beginner when he thinks of studying their properties 
and chemical composition. The chemist has found, however, that all these 
substances, and, indeed, all substances examined, are composed of a com- 
paratively small number (70 odd) of kinds of matter, each of which has so far 
resisted all the applications of his skill and perseverance to break it up into 
two or more dissimilar bodies. These he calls elements, and of these only a 
small proportion need be considered by the beginner as necessary for the study 
of everyday foundry work. Thus, slags and the non-metallic materials of 
construction are practically all made up of oxides (elements combined with 
the element oxygen), or combinations of oxides, mainly silica, aliunina, oxides 
of iron, lime, magnesia, potash, and soda. The metallic substances in the 
widest practice mainly consist of the metals iron, manganese, copper, zinc, tin, 
nickel, lead, aluminium, mercury, or alloys of these, with bismuth, antimony, 
arsenic, generally in smaller proportion, and more or less of the non-metallic 
substances carbon, silicon, sulphur, and phosphorus. The list of elements 
that need be considered is thus not so formidable, and, although their combin- 
ations are practically infinite, this idea gives a foundation for studies on which 
may be built up a useful structure of knowledge to any extent, and of any 
degree of detail, embracing the whole range of metals, specialising in one 
or more branches, but all on the same fundamental basis and with a remarkable 
similarity of mental treatment. Thus, the beginner may look forward to 
building to any extent his attainments and opportunities will permit, and, at 
whatever stage he may arrive, feel sure of acquiring not only useftil knowledge 
but mental power to record and take advantage of his own experience and 

4 



GENERAL PROPERTIES OF MATTER 5 

that of otherts, as expressed in conversation, in books, or in technical periodicals. 
A little knowledge is only dangerous when it is viewed out of proper perspective 
and assumed to be a complete knowledge to be recklessly acted upon ; and the 
authors meet with oft-recurring evidence that all stages of well-arranged 
knowledge, if used with discretion to throw light on practical experience, is 
daily and increasingly helpful as the underlying science of the founder's art 
becomes more and more clear. The real theoretical knowledge of the scientist 
is built on experiment, and his explanations or theories in all true scientific 
work are tested by further experiment. The practical man constantly meets 
with difficulties in his work, and he also must in some way group the results 
of his former experience, seek in these for an explanation of the case, and, 
after thinking the matter over, devise a remedy, and put it to the test, — truly 
scientific work. The apparatus may often be cruder than that found in 
laboratories, but frequently used with a more subtle judgment of the special 
needs of the case. The man who combines a scientific training with a 
sufficiency of real practical experience is gradually, but surely, becoming 
the dominant type of industrial captain in the working departments 
of the best equipped foundries. All youths looking forward to progress in 
foundry work in the future should study at least the rudiments of mathematics, 
particularly geometry and mensuration ; physics, especially mechanics and 
heat ; and inorganic chemistry in some of the elementary classes so liberally 
arranged in practically all towns having foundries. They will then be able to 
start their own special subject with the certainty of profitable work. It is 
hoped, then, that this chapter, unnecessary for those who have had preliminary 
training, will help those who have not, to understand what follows and lead 
them to make a study of chemistry and physics, as many things must here 
be merely stated, whereas, in special works on the subject, they would be 
reasoned out. Reverting to the elements, it has been found that when these 
combine with one another they always do so in definite proportions. Thus, 
iron filings and sulphur may be mixed in any proportion; if heated to- 
gether they combine to form an entirely different substance, but always in 
the proportion of 56 parts by weight of iron to 32 parts by w^eight of sulphur ; 
and, under these conditions, in no other proportion. A natural mineral known 
as pyrites, the " brasses " of coal, is a compound of iron and sulphur, but in 
the proportion of 56 of iron to 64 of sulphur, that is, double the proportion of 
sulphur. So the elements are found to combine in definite and, generally, 
also in multiple proportions. All this, and much more, led to the idea of the 
atomic theory, namely, that elements are composed of atoms of a definite 
weight, that all the atoms of the same element are of the same weight, but the 
atoms of different elements have different weights ; hence each element has its 
own atomic weight. Also the smallest portion of an element, or of a compound 
that can exist in the free state, is called a molecule. The elements are for 
convenience represented by symbols, as iron Fe, from its Latin name ferrum ; 
and the atomic weight of iron being 56, the symbol Fe not only means an atom 
of iron but 56 parts by weight of iron ; and similarly S, the symbol for sulphur, 
means an atom of sulphur and 32 parts by weight of sulphur. It will now 
readily be seen that the first compound of iron with sulphur would be written 
FeS ; while the formula, as it is called, for pyrites would be FeSj, the small 2 
indicating 2 atoms of sulphur. To represent what took place when the mixed 
iron and sulphur was heated till they combined, combining in definite propor- 
tions and rejecting any portion in excess, an equation is written thus : — Fe + S = 
FeS ; this equation means not only that iron and sulphur have combined to 
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form sulphide of iron, but also that 56 parts by weight of iron have combined 
with 32 parts by weight of sulphur to form (as matter is indestructible) 
56 + 32, or 88 parts by weight of sulphide of iron. More complicated examples 
might be given, but all rest on the expansion of this simple case ; and, although 
certain equations tell more than this, that need not trouble us at the present 
time. The symbol chosen is generally the first letter of the name of the 
element written as a capital ; and where there are two or more with the same 
initial letter, the most important takes the first letter and the others add a 
second distinguishing small letter. The commoner metals have taken their 
symbols from their Latin names. Thus, Carbon, C ; Chromium, Cr ; Copper 
(Cuprum), Cu ; Sulphur, S ; Tin (Stannum), Sn ; Antimony (Stibium), Sb. 



Selected Table of Symbols and Atomic Weights of Eijembnts. 0= 16. 
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Mn 


550 


X 

s 


321 


Mercury 


Hg 


200-0 


As 


75-0 


Molybdenum 


Mo 


960 


Se 
Te 


79-2 
127-6 


Nickel . 


Ni 


58-7 


Palladium 


Pd 


106-5 


Platinum 


Pt 


194-8 






Potassium . 


K 


39-2 






Rhodium 


Rh 


103-0 






Silver . 


Ag 


107-9 


Al 


27-1 


Sodium 


Na 


231 


Sb 


120-2 


Tin . 


Sn 


119-0 


Ba 


137-4 


Titaniimi 


Ti 


48-1 


Bi 


208-5 


Tungsten 


. W 


184-0 


Cd 


112-4 


Uranium 


. U 


238-5 


Ca 


40-1 


Vanadium 


. V 


51-2 


Cr 


52-1 


Zinc . 


. Zn 


65-4 



Hydrogen 

Carbon . 

Nitrogen 

Oxygen 

Silicon . 

Phosphorus 

Sulphur 

Arsenic 

Selenium 

Tellurium 



Metals. 

Aluminium 

Antimony 

Barium 

Bismuth 

Cadmium 

Calcium 

Chromium 

The elements in the table are classed as metals and non-metals, or the latter 
are sometimes called metalloids (like metals). This classification is convenient, 
but, like most others, there is no distinct line between the classes, as they 
merge into one another ; arsenic, for example, sometimes acting as a metal 
and sometimes as a non-metal. The more obvious physical properties 
associated with the metals are familiar to all, such as their high lustre and 
their high conductivity of heat and electricity ; but, as they also have certain 
well-defined chemical habits, the chemist extends the meaning to other 
elements having similar properties. Thus, when compounds of a metal with 
a non-metal are decomposed by a current of electricity, the metal always 
passes with the current or goes to the negative pole and is spoken of as the 
electro-positive element. Metals combined with oxygen generally form 
what are known as basic oxides, while the non-metals as a rule form acid 
oxides ; the only feature we need consider in connection with these two is 
that acid oxides combine with basic oxides to form neutral substances known 
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as salts. Thus, sulphur combines with oxygen in two ways; as sulphur 
dioxide, SOg, when sulphur bums in air, or, by special means, forms sulphur 
trioxide, SO3. These are acid oxides ; and when combined with water, HgO, 
form sulphurous acid, HgSOj, and sulphuric acid, H^SO^, respectively. A metal 
may replace the hydrogen in the acid, and form a salt ; thus, iron 

Fe + HgSOgrrFeSOs + Ha or Fe + HgSO, = FeSO^ + Hg. 

A metal combined with a non-metal has a name ending in ide, with a non- 
metal and oxygen in te, with the lower proportion of oxygen in Ue, and with 
the higher in ate. Thus, FeS, FeSOg, FeSO^ are respectively sulphide of iron, 
sulphite of iron, and sulphate of iron. The acids may be looked upon as a 
combination of water and the oxide ; thus, HjSOg, or HgOjSO^, and H2SO4, or 
HgOjSOj ; hence, the SO2 and SOg being complete acids, minus the water, are 
strictly not acids, but anhydrides (without water). In the high temperatures 
of metallurgy, where the water seldom has any part to play in the combina- 
tions, a little more freedom is used ; and, although H^SiO^ or 2H20,Si02 is 
silicic acid, we seldom speak of SiOg as silicic anhydride, unless to emphasise 
some special point, and, as with other very common things, generally refer to 
it by the older name of silica. Not only does the nature of the acid control one 
part of the name of the salt, but the nature of the basic oxide may also decide 
the termination of the other part. Thus there are two oxides of iron, FeO and 
Fe^Og, either of which may be called oxide of iron, but, to distinguish between 
them, the name of the one with the greater proportion of metal ends in (tws 
and the other in ic; hence, FeO represents ferrous oxide and FegOj ferric 
oxide ; while a third, the black or magnetic oxide, is a combination of these two, 
being FeOjFe^Og, or FcgO^. In considering compositions of slags, bricks, etc., in 
foundry work, it is usual to think of the bodies in the second way shown for 
salts, namely, less as substitutions of metal for the hydrogen in acids than as 
combinations of acid and basic oxides. Thus, H^SiO^ represents silicic acid ; 
substituting Fe^ for H^, we have FcgSiO^, which is one way of looking at the 
composition of ferrous silicate; but, as it is generally formed at high 
temperatures, it is usually thought of as 2FeO,Si02, that is, as two molecules 
of ferrous oxide combined with one of silica, and hence is known as ferrous 
silicate, a prominent constituent of the slags of the cupola furnace, the 
Bessemer converter, and the Siemens furnace, also of the black scouring slags 
of the ordinary blast furnace when producing white cast-iron. The chemical 
affinity, or the firmness of the grip that these substances have on one another, 
varies very much, some being much more stable than others; and, given 
suitable conditions, a metal that would form a more stable compound with a 
non-metal will replace it in the compound. We have spoken already of 
ferrous sulphide, FeS, which, if present as an impurity, is retained by iron when 
in the liquid state, and forms a very dangerous structure in the metal when 
cold ; but if manganese be added, manganous sulphide, which is not nearly so 
dangerous, will be formed, and iron liberated, thus: — FeS + Mn = MnS+Fe. 
This reaction also forms the basis of the Massenez desulphurising process of 
adding ferro-manganese to cast-iron in a metal mixer, for the sulphide of iron 
is held by the molten cast-iron, whereas the sulphide of manganese thus 
formed gradually rises to the surface of the metal. Similarly the metal bath 
at the end of a Siemens heat or a Bessemer blow is charged with ferrous 
oxide, which dissolves in the iron and make« it quite unforgeable ; but the 
manganese added again evicts the iron from its oxide and forms manganous 
oxide, FeO -J- Mn = MnO -H Fe ; as the oxide is insoluble in the iron, it gradually 
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floats to the top, where it is taken up by the slag, forming manganous 
silicate, 2MnO + SiOg = 2MnO,Si02. 

The normal carbide of iron is represented by FcjC, and is found in fine 
plates in the pearlite of mild steels. If, however, these steels contain 1 per 
cent, of manganese, the nature of the pearlite is changed, most probably by the 
substitution of some carbide of manganese (MujC) for an equal number of 
molecules of the iron carbide. " Most probably " may sound a strange phrase 
to the beginner who has heard of science as exact knowledge, but science is 
only organised knowledge as exact as we can get it, with continual striving 
after more accuracy in what we know and the unfolding of new discoveries ; 
the former is illustrated by the enormous amount of work done since 1890 to 
get more reliable fixed points for high temperature measurements ; the latter 
by the wonderful properties of Hadfield's manganese steels, steels with high 
nickel contents, and other special steels. 

Chemistry, then, concerns itself with the composition of substances and 
with their reactions on one another, the changes taking place being generally 
very marked. Physics, on the other hand, although in its widest sense it 
includes chemistry, is generally restricted to the study of (I.) Dynamics, or the 
laws of force and the relations which exist between force, mass, and velocity, 
under the three heads Mechanics, Hydrodynamics, and Pneumatics, or the study 
of those laws applied respectively to solids, liquids, and gases ; (II.) Sound ; 
(III.) Light ; (IV.) Heat ; (V.) Magnetism and Electricity, under which heads 
combined we may be said to study the general properties of matter. 

Dynamics deals with force, mass, and velocity, force being defined as that 
which moves or tends to impart motion to a body at rest or change of motion 
to a moving body. It is generally stated in terms of imits of weight as lbs. or 
kilograms. When a body free to move is acted on by forces which do not move 
it, the forces are said to be in equilibrium; while, if the forces are not in 
equilibrium, the body is moved. The division called Statics treats of the former 
and Kinetics of the latter. One of the first points of importance that has con- 
stantly to be dealt with in practice is that there is never only one force but 
that every action has a reaction equal and opposite. Any number of parallel 
forces acting on a body can be replaced by one force known as the resultant, if 
applied at a certain point ; and in the cases of the parallel forces of gravity 
acting on each particle of a body, the resultant force is the weight of the body 
and its point of application the centre of gravity of the body. This centre of 
gravity is an important point, for it always tends to descend; that is, to 
approach the centre of gravity of the attracting body ; if in any structure 
the direction of gravitation falls outside the base, the structure tends to 
fall ; also, if the base be small compared with the height, instability may 
arise with a small angle of movement ; all of which may seem self-evident, 
but the neglect to give it adequate consideration has resulted in many an 
accident. 

The principle of work is, perhaps, the most widely used in everyday 
simple problems. Work is defined as the power exerted in overcoming a force 
through a distance, as, for example, in lifting a weight against gravity, and is 
measured in foot-pounds, foimd by multiplying the number of poimds carried 
by the number of feet they are raised. In any system, neglecting frictional 
losses (where work is converted into heat and dissipated), the work put into 
the system is equal to the work given out by the system. This simplifies the 
consideration of all the mechanical powers, the lever, the wheel and axle, the 
pulley, the inclined plane, the wedge and the screw. Thus, for example, a 
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block and tackle to lift one ton is so arranged that the hand chain moves 60 
feet while the weight moves 2 J feet ; then, neglecting friction losses, the force 

. , ., , . ^^ , . oi r u' 2240 lbs. X 2i feet 

required on the chain x 60 = 1 ton x 2* .*. force on cham « —— — ? = 

^ ^60 feet 

fiO 
93^ lbs., and the mechanical advantage is ^ or 24. 

Energy is a term continually in use, and is defined as the power of doing 
work. The energy stored up in a body in motion is called kinetic energy, or 
the energy of motion. When a body at rest has the power of doing work it is 
said to have potential energy. Thus a body of weight 1 ton, 10 feet from the 
ground, could do 22,400 foot-lbs. in falling to the ground. Energy may be 
changed from one form into another, static or potential into kinetic, kinetic 
into heat ; but the total cannot be increased or diminished. This is known as 
the principle of the conservation of energy. All bodies have their dimensions 
more or less changed by the action of a force, and the property whereby they 
tend to recover their original dimensions is known as elasticity. If the force 
be gradually increased, there comes a point at which the applied force and the 
maximum elastic force of the body are equal. An increase in the applied 
force will produce permanent set, and the limit of elasticity is said to be 
reached, a point of great moment in mechanical testing and in determining 
the purpose for which a metal is fitted. It is practically universally agreed 
that the applied force shall be called a stress, and the deformation produced a 
strain ; words which, though highly technical, conform to the everyday non- 
technical use of the terms, so that the phrase " breaking strain," at one time 
seen on test sheets, and given in tons per square inch, generally referred to 
maximum stress ; but to show the persistence of error, this serious mistake in 
terms is found all through a very important recent paper given by scientific 
men to the Institution of Mechanical Engineers. 

Friction. — When two bodies are pressed together, so that the pressure is 
not at right angles to the surface of contact, the pressure can be resolved into 
two, one at right angles and one tangential to the surface. The latter is 
known as the force of friction, and the relation between the latter and the 
former is called the coefficient of friction, which is nearly a constant for the 
same surfaces as the force of friction is nearly proportional to the normal force. 
When a body rests on a plane, and the plane is inclined until the body begins 
to slide, the angle that the inclined plane makes with the horizontal is called 
the limiting angle of friction, or the angle of repose for the two surfaces, an 
angle often of importance in practice. The tangent of this angle is equal to 
the coefl&cient of friction. 

Hydrostatics.— The laws of force applied to liquids is known as the 
science of hydrodynamics, of which hydrostatics is one branch and hydro- 
kinetics another. A fluid, either a liquid or a gas, at rest can exert no friction ; 
but all fluids in motion exert a slight tangential or frictional force, and this 
is expressed by saying that all fluids are more or less viscous. The intensity 
of pressure at any point in a fluid is the same in all directions, and is also the 
same at all points at the same level beneath the surface of a liquid at rest, and 
the pressure on any horizontal surface is exactly equal to the weight of a 
volume of the liquid represented by the area of the surface multiplied by the 
depth below the level of the surface of the liquid, and this hold* good whether 
the actual weight of the liquid be there or not. Thus the pressure on the 
bottom of a cylinder full of water to a depth of 3 feet is exactly the same as 
the pressure on the bottom of a cylinder of the same diameter 1 foot in depth, 
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with a continuation pipe carried 2 feet higher up and the whole filled with 

water, a fact taken advantage of in testing certain boilers. 

This point requires careful consideration with regard to the weighting of 

moulds, and is of interest in understanding the 
usual ingenious pressure gauge for measuring 
the pressure of the blast delivered to cupolas. 
The instrument is shown in section in fig. 1. 
The rubber tube connects the blast main to the 
small brafis cylinder, so that the pressure of the 
blast is exerted on the surface of the water in 
the cylinder, and forces the water up in the 
glass tube till the difference in height between 
the two levels balances and therefore produces 
a pressure equal to the pressure of the blast. 
1 cubic inch of water weighs 0*03612 lb., or 
0*578 oz. ; 12 inches of water in height will 
therefore produce a pressure of 12 x -578, or 

6*936 ozs. per square inch, and -^a^/. or 

1*73 inch in height corresponds to a pressure 
of 1 oz. per square inch. In the gauge, how- 
ever, as the water rises in the glass tube it 
falls in the brass cylinder ; and as it would be 
extremely inconvenient always to have to 
measure the difference between the levels, the 
diameter of the cylinder is so arranged with 
regard to the diameter of the bore of the glass 
tube that when the water falls 0*23 inch in the 
cylinder it shall rise 1*5 inches in the gauge 
glass, so that a scale of equal parts, each part 
1^ inch long, shall represent ozs. per square 
inch of blast pressure. For this to follow, the 
area of the brass cylinder must be to the area 
of the bore of the glass tube as 1*5 to 0*23, 
or as 6*5 to 1, and the diameters of the two 
as ^6*5 to ^1, or as 2*55 to 1. Hence, if the 
glass tube be of ^^inch bore, the inside 
diameter of the brass cylinder must be ^ inch 
X 2*55, or practically ^f inch. As another 
example of fluid pressure, take the case of a 
steel casting, the top surface of which is 5 feet 
9 inches long and 18 inches broad, and suppose 
that the nmner is to be filled to a level of 
12 inches above the top of the casting, and 
that there are two risers, each 6 inches square. 
As there can be no upward pressure where the 
risers are, the total upward pressure on the top 
part of the mould will be equal to the weight 
of molten metal that would be contained in the 
space represented by the total area of the top of the casting, less the area of 
the risers, and to a depth equal to the head of metal in the runner, or 
(69 inches x 18 inches -2x6 inches x 6 inches) x 12 = (1242 - 72) x 12 = 
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Fig. 1. — Pressure Gauge. 
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14,040 cubic inches of metal; and taking the hot metal roughly at 4 cubic 
inches to the lb., then 14,040 cubic inches= ^***^^, or 3510 lbs., or 1 ton 
1 1 cwts. and 38 lbs. ; and at least this weight, including the weight of the 
top part, will be required to hold the top part down. 

When a body is immersed in a liquid it displaces its own volume of the 
liquid ; hence the weight of this liquid, by its tendency to regain its position, 
may be considered to be pressing the body upwards ; and then its loss in weight, 
when immersed in the liquid, is exactly equal to the weight of its own bulk of 
the liquid. A familiar example of the case where the body is lighter than 
the liquid, and the upward pressure will therefore float it, is found in the case 
of cores, which, unless held down, are raised by the liquid metal and float on 
the surface. In determining the specific gravity of a body, or its weight 
compared with the weight of an equal bulk of water as a standard, it is only 
necessary to weigh the body in air, then weigh it in water, and the specific 

gravity^-.-— -— ^^5^-i?^^^ Thus, a certain piece of limestone 

the loss of weight ni water. 

weighs in air 13 lbs. 4 ozs., whilst it weighs in water only 8 lbs. 7 ozs. .*. The 

specific gravity of the limestone = — r-— rr-^^, = -^^ * = 2*75. 

^ _ - 13 lbs. 4 ozs- 8 lbs. 7 ozs. 77 ozs. 

With vessels in communication, liquids tend to find their own level ; 
hence the necessity in open sand moulding to obtain a perfectly level bed if 
a uniform depth of metal is required in the mould. Further, if it is desired 
to rim metal through a mould by means of an overflow on the riser, care 
must be taken to see that the runner is at a higher level than the riser. 

Capillarity. — The surface of a liquid at rest is a horizontal plane, and the 
liquid in vessels in communication finds its own level. That is not exactly 
the case when the diameter of one or more of the vessels is comparable to 
that of a hair and known as capillary. In that case, if the liquid " touches " 
or " wets " the vessel, as with water and glass, the height will be greater in 
the capillary than in the other vessels ; and if the liquid does not " touch," 
as with molten cast-iron and a sand mould, the height would be less. Also, 
in the fcmner case, near the sides, the liquid will be higher up in the vessel, 
and in the latter it will be slightly curved downward, a point that is clearly 
seen in the nature of the edges of an open sand casting where the surface is 
free, the comers of a similar closed casting being sharp, only because the 
liquid is forced up to the square by the pressure of the " head " of the molten 
metal above. 

Pneumatics. — Gases have many properties in common with liquids, and 
many essentially different. Like liquids, they transmit pressure in all direc- 
tions ; but, unlike liquids, they always tend to expand ; they completely fill 
the vessel that contains them, and, however small the quantity of gas, it 
exerts pressure on all sides of the vessel. Also, for a given quantity of gas 
at a given pressure, if the pressure be increased the volume will be less ; in 
fact, if the temperature remain constant, for a given quantity of gas the 
pressure varies inversely as the volume. P being the pressure and V the 
corresponding volume, P' the new pressure and V the new volume, PV = P'V 

P Y 

Heat. — Heat, cold, and temperature are terms so well known that they 
hardly need explanation, but the measurement of temperature is one of 
the most important matters of the day. With very few exceptions, bodies 
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expand as their temperature rises and contract as it falls ; the expansion of 
the liquid metal mercury in a glass vessel is one of the commonest means 
used for measuring temperatures below the boiling-point of mercury. Two 
fixed points are necessary for the formation of a scale, and these are the melt- 
ing-point of pure ice and the boiling-point of pure water at normal atmos- 
pheric pressure. In the Celsius or Centigrade scale, the former is indicated 
by zero, or 0' C, and the latter by 100' C, and the space between is divided 
into 100 equal parts; in the Fahrenheit scale, the melting-point of ice cor- 
responds with 32" F. on the scale, and the bHoiling-point with 212** F., the 
intermediate portion being divided into 180 equal parts. The Fahrenheit 
degree is therefore if^, or | the size of the Centigrade, and thus : — 

{TC. X I) + 32 = 'F. and (T'F. - 32) x | = 'C. 

For the measuring of temperatures higher than the mercurial thermometer 
will bear, instruments called pyrometers are used ; but, as this subject is of 
such immense importance, a special chapter is devoted to it, and so the 
matter will not be further discussed here. In a special table the coefficient 
of linear expansion, that is, the expansion of unit length for 1* C. for several 
metals is given, and the coefficient of superficial expansion may be taken a& 
double and the coefficient of cubical expansion as three times the linear. For 
if the original length be 1 and the new length 1 +/, (1+0^ ^^^^ ^® *^® "^^^' 
area and (l -^ l)^ =^ I -¥ 21 ± l^. Now, I is always small, say yxy.^^, hence l^ 
or Txr-Vinr ^^ ^^^ again will be negligible, 1 + 21 will be the area, and hence 
the coefficient of superficial expansion is practically double the linear. Similarly 
as (1 -H 0^ == 1 + 3/ + 3/2 + ^ and 3/2 + /» are negligible, the coefficient of cubical 
expansion is practically three times the linear. Two curious exceptions to the 
rule of contraction in volume on cooling we find in bismuth, which expands on 
solidifying; and water, which contracts from 100' C. to 4' C, then slowly 
expands till 0* C. is reached, when it freezes with a considerable expansion, and 
then below 0* C, as ice, it contracts like an ordinary solid, an important 
exception in the economy of nature. Another exceptional case is the alloy 
" Invar," iron alloyed with 36 per cent, of nickel, which contracts and expands 
so little with the extremes qf temperature found on the surface of the globe 
that a wire of it, 24 metres long, may be used in surveys of the surface of 
the earth practically without temperature corrections. 

A given quantity of gas at constant pressure expands about ^^ of its 
volume at 0' C. for every degree rise in temperature, and also contracts 
^j^ for every degree fall in temperature. If this held good, absolutely, 
then, at - 273' C. all gases would be reduced to no volume, and this 
theoretical temperature is known as the absolute zero, so that absolute 
temperatures are found by adding 273 to the number of degrees C. If P, V, 
and T be the pressure volume and absolute temperature of a gas, and Pj, Vj, 
and Tj a second series of the same quantity of gas, then all relationships 

PV P V 

between them can be worked out from the equation -— = ^— ^. 

Quantity of Heat. — The first essential in measuring a quantity is clearly 
to define the unit. The scale for the measurement of temperature may be 
somewhat arbitrary, but the imit of quantity is quite definite. There are 
several units in general use, but in Britain it is generally that quantity of 
heat that would raise 1 lb. of cold water 1* F., which is known as the British 
Thermal Unit, or B.T.U. ; while the other units are the calorie, that is, the 
quantity of heat required to raise 1 gram of water V C, and the large or 
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kilogram calorie, where the kilogram is the unit instead of the gram. The 
B.T.U. would raise 1 lb. of mercury about 30* F. ; hence the specific heat, or, 
more elaborately, the specific thermal capacity of mercury, is ^ that of water, 
or, more accurately, 0*032, as in the table on p. 316, where it should be noted 
that while aluminium stands at 0*212, iron is only Oil. 

Most solid bodies, including practically all the metals, when raised to a 
suflBciently high temperture, b^me liquid ; and this change of state, spoken 
of as melting or fusion, must be clearly distinguished from dissolving or a 
change from solid to liquid produced by the action of a solvent, as when salt 
dissolves in water. If a piece of solid metal, such as lead, be put under the 
influence of a source of heat, as over a bunsen burner or in a small furnace, the 
metal absorbs heat, and its temperature rises until at a temperature of 327" C. 
the metal begins to melt ; and if the solid and liquid portion be kept thoroughly 
mixed, or sufficient time be given to maintain a heat equilibrium between the 
various parts of the metal, the temperature will remain constant at 327' C. 
until all the metal has melted, when the temperature will again begin to rise. 
It is evident that heat is absorbed at 327' C. without raising the temperature 
of the metal, but has been expended in changing the metal from the solid to 
the liquid state. The amount of heat so absorbed is known as the latent heat 
of fusion, and this fixed point at which the metal changes to liquid is known 
as the melting-point. If the metal be allowed to cool by its heat being 
radiated into the air, then when it cools to 327' C. again it begins to solidify, 
and the temperature remains constant until the whole mass has become solid, 
the latent heat gradually given out on solidification balances the radiation 
of heat into the air. As very many seem to have rather a hazy idea as to the 
length of time during which the temperature remains constant, this will be 
about two or three minutes for 4 ozs. of lead in a room at about 15' C. 
When all the metal has solidified, its temperature again commences to fall at 
a regularly decreasing rate, until the temperature of the surrounding air is 
reached. It is obvious that in melting, if the source of heat be pouring heat 
into the metal at one point at a rapid rate, and if stirring be not possible, then 
the metal may not conduct the heat away quickly enough for all parts of the 
mass to keep a fairly uniform temperature ; hence, when such a fixed point is 
xised as a standard for pyrometric work, it is generally the freezing-point that 
is taken as more easy to attain correct conditions. If the metal zinc be used 
instead of lead, the melting takes place at 419' C. ; and on still further heating, 
preventing the oxidation of the metal by a layer of charcoal, the metal will 
rise in temperature until it reaches about 920* C, when it begins to boil, and 
remains at this temperature until practically all the metal has been converted 
into vapour. The heat absorbed in this case is called the latent heat of 
vaporisation, and the fixed point is known as the boiling-point. These are the 
two types of fixed point used in the standardisation of industrial pyrometers. 
There is a curious phenomenon, known as surfusion, observed in the case of tin 
cooling from the liquid state. It will generally cool a few degrees below its 
true solidifying point, and yet remain liquid ; but when it does begin to solidify, 
the temperature immediately rises to the true freezing-point, and remains 
steady until the metal has all become solid. 

Examples of the latent heats of fusion, using centigrade degrees, are ice, 
79-25; tin, 14*25; bismuth, 12*64; lead, 5*37. Latent heat of vaporisation 
of water at 100' C. = 537. 

The change of volume in passing from the state of liquid to that of vapour 
is very great. Thus the volume of steam at 100* C. to the volume of water 
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at 4* C. is about 1 700 to 1 ; so that, roughly, a cubic inch of water is converted 
into a cubic foot of steam. The cause of the violent explosion when a mass 
of molten metal runs over even a small volume of water is thus made plain, 
even without allowing for the further expansion that takes place as the steam 
is superheated. That water becomes an explosive is only in accord with 
experience with general explosives which are practically all materials ready 
under easy and suitable provocation suddenly to expand enormously. 
Nitro-glycerine is a liquid ready to decompose instantly and form over 1800 
times its volume of gas, and most of the actions between water and the metals 
have been imitated many times by the authors with explosives. A blasting 
gelatine cartridge exploded in shallow water sends up a great fountain of 
water, the particles moving with high velocity, the coimterpart of the 
violent explosion when a stream of molten metal strikes a comparatively small 
quantity of water. A similar cartridge exploded in very deep water just 
produces a great bubble which comes up to the surface, raises a quiet rounded 
mass above the natural level of the water, and then, opening in the middle, 
breaks over, the particles moving with comparatively slow velocity ; a counter- 
part of this happened when the dry core sand dropped out into the bottom 
of the mould for the large roll, the water of combination and the gases formed 
at the high temperature most probably came off in a large bubble. A cart- 
ridge exploded in a mass of boiler flue dust just produced as light general 
heaving of the surface, the gas seeming to come away at many points. This 
seems almost typical of what happens when molten metal is poured in a fine 
stream upon a large mass of water in making, say, shot copper or brazing solder 
(by braziers called " spelter," although mercantile zinc is also called spelter) ; 
the steam comes off from many points, and the action is comparatively quiet. 

Another fascinating study is the conversion of the various forms of energy 
one into the other: heat into work, work into heat or into electricity, 
electricity back to work or to heat ; but it may only be stated here that the 
relations between these forms have been very accurately measured ; thus, to 
take one example, one B.T.U. = 778 ft. lbs. of work, or 774 according to some 
investigators. An example of potential energy has already been given. 
Another, all-important in metallurgy, is potential chemical energy. Carbon 
combines with oxygen of the air to form carbon dioxide, and heat is given 
out ; thus the carbon is thought of as having latent within it the power 
to combine chemically with oxygen, provided the action is properly started 
by a suitable temperature, and the heat of the reaction keeps up the 
necessary temperature and evolves great excess which can be used in the 
various metallurgical operations, or converted into other forms of energy. 
This is expressed by saying that the carbon has potential chemical energy. 
The number of imits of heat given out by the complete combustion of 
one unit weight of a substance is known as its calorific power; and if all 
the heat be supposed to be used in raising the temperature of the products 
of combustion and their companion gases imder any given set of conditions, 
the temperature to which these materials would theoretically be raised is 
known as the calorific intensity of the original body under these conditions. 
The calorific power of a fuel gives a measure of the quantity of heat to 
be obtained from a unit weight of the. fuel, and the calorific intensity an 
idea of the temperature or intensity of heat that might be obtained by the 
complete combustion of the fuel under certain ideal conditions. For those 
who would care to try a few of the calculations, it will be evident, on careful 
study, that as the unit of heat is the amoimt of heat required to raise 1 gram 
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of water V C, and the specific heat of a body measures the amount of heat 
required to raise 1 gram of the body V C, that 

p , .^ . Calorific power. 

^ *" The several weights of the products of combustion and 
their companion gases x their respective specific heats. 

Examples of Ccdorijic Powers, 



Hydrogen to water at 0* C. 


34,180 


Marsh gas (CH^) to COj^ 


» 


Hydrogen to steam at 




and steam at 100* C. 


. 11,970 


lOO^C. 


28,450 


Sulphur to SO2 


. 2,220 


Carbon to carbon dioxide . 


8,134 


Silicon to SiOj . 


. 6,420 


Carbon to carbon monoxide 


2,450 


Manganese to MnO . 


1,650 


Carbon monoxide to carbon 




Phosphorus to PjO^ . 


5,800 


dioxide 


2,436 


Iron to FeO 


1,170 


Marsh gas (CHJ to CO^, 




„ FejO, . . 


1,660 


and water at 0' C. 


13,400 


„ Fe^Og . 


1,750 



The calorific powers of hydrogen, carbon, carbon monoxide, and hydro- 
carbons are of value in the study of ordinary fuels, and those of silicon, 
manganese, and phosphorus as special fuels of the Bessemer process. 

Before leaving the subject of forms of energy, it is interesting to inquire 
whence it all comes. Our fuels, natural or prepared, with the possible 
exception of natural gas and petroleum, come directly or indirectly from 
vegetable matter or its decomposition products. Even the special Bessemer 
fuels, silicon, manganese, and phosphorus, have been reduced from their 
oxides by the action of the ordinary fuels. Living vegetation has the power, 
by the mysterious help of its chlorophyll or green colouring matter, to absorb 
the energy of the sun's rays, and to store it up- as potential energy by 
changing carbon dioxide and water ultimately, sometimes into cellulose or 
woody tissue, at others into starch, somewhat in the following manner : — 
COg + HgO = CHjO + Og, that is, carbon dioxide and water produce a material 
called an aldehyde, and oxygen is given off again into the air. 6CHoO = 
CgHjgO^ CgHjgOg - HgO = C^jHjoOg. Six molecules of the aldehyde have 
combined to form 1 molecule, and in the organs of the plant dehydration 
or a withdrawal of the substance of water takes place, forming (C^HjoOg) 
woody tissue, starch or other substance according to the way in which 
the plant has built it up. In any case, here is the energy of the sun's rays 
stored ; and if as woody tissue, it may help the moulder to start his cupola 
or other fire, if as starch, its potential energy may still be used in the 
foimdry, for the internal economy of the human being enables him to convert 
this energy into muscular power, while the fossilised decomposition products 
of woody tissue yield the bulk of all his fuels, and whether in the furnace 
or in the man the material is oxidised into carbon dioxide and water again. 
Thus, CeHi„Oft + 120 = 6C02H-5H20. The gradual change of condition in 
the vegetable matter in a freshly made cutting of peat may be seen in various 
stages at the present day from the living mosses through the brown " fog " 
to the close-textured, almost black, substance which yields on drying the best 
qualities of peat. In other places the vegetable matter, though it has not 
necessarily passed through a peaty stage, has, at any rate, reached a more 
advanced stage of decomposftion by losing water, CH^ and COg, and the 
residue is therefore proportionately richer in carbon and poorer in oxygen. 
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As the oxygen in fuel is already combined, this portion of the fuel is useless 
as a source of heat. If, as is generally assumed, this oxygen is combined with 
hydrogen, then all the oxygen and one-eighth of its weight of the hydrogen 
must be deducted. The hydrogen that remains, being oxidisable, is called the 
available hydrogen. Thus the table shown below will give a rough idea of 
the value of the fuel, which, as will be seen, increases, for equal weight, the 
further the decomposition has proceeded. The following table has been 
compiled by taking a rough average by the eye of hundreds of analyses, 
omitting the ash and the sulphur, which are so variable, and calculating up to 
100 again for comparison by percentages. That the figures tend to round 
numbers may seem suspicious, but this circumstance may help to emphasise 
the fact that fuels are found of every stage between those given, and they are 
merely to act as guides. Thus, for anthracite the most anthracitic type is 
chosen ; coal may vary from the highest steam coal down to a type lignitic in 
its character, though black in colour, and so on. In the following table the 
C.P.s. are calculated on the 8134 C + 34180 (H-^0) formula, and the experi- 
mental results are selected from actual determinations of the samples in hand 
nearest in composition to the types given in the table : — 





Carbon. 

44*4 

50 

60 

70 

-82 
96 


Hydrogen. 


Oxygen. 

49-4 

43 

33 

24 

n 

2 


Nitrogen. 


Available 
Hydrogen. 


Calorific Power. 


By 

Calcu- 
lation. 


Expen- 
ment. 


Cellulose (CeH,oOft), 
Wood, . 
Peat, . 
Lignite or Brown \ 

Coal, **. 
Anthracite, . 


6-2 

6 

6 

5 

I 


T 
1 

1 

1 
trace 


1-9 

2-0 

3-6 
2-7 


8610 
4270 
6530 

6380 

7870 
8660 


3600 

8000 
8630 



Light. — A word must be said about light. White light, such as that from 
the sun, is not a simple radiation ; for when passed through a prism and thus 
refracted or bent in its course, it is found that different parts of it are refracted 
differently, and thus the white light is seen to be composed of violet, indigo, blue, 
green, yellow, orange, and red rays, and by other means rays have been dis- 
covered above the violet and below the visible red. The radiation given out by 
a black body as its temperature is raised are, first, heat only while still black 
hot, then red rays, through orange to yellow, and, finally, white ; these colours 
have for an unknown period been used to judge the temperatures of metals and 
furnaces by the unaided eye. The relations between the radiations of different 
bodies at different temperatures, the brightness and even the energy of certain 
portions of their spectra and like matters, have been studied with increasing 
care in recent y^ars, with the result that numerous optical pyrometers have 
been devised specially suitable for measuring the highest furnace temperatures. 
The discussion of any of these relationships is not within the scope of this 
work, so that reference must be made, by those interested, to standard works 
of recent date, such as Le Chatelier and Boudouard's work on High Tempera- 
ture Measurements. Meanwhile, this chapter will have attained its end, if it 
has clearly grouped some of the more obviously useful results and indicated 
the necessity for further study to those who would know their subject well. 
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CHAPTER III 

MOULDING SANSS. 

Terms. — In foundry parlance, " sand " is a term of fairly wide acceptance ; 
therefore, before examining types, it may be well to review briefly some of the 
more general features. For instance, a handful of any type of moulding sand, 
properly moistened, will, after squeezing, cohere, or retain the shape imparted 
1^, by the pressure of the hand. Herein lies one of the most important properties 

j *j of a moulding sand, namely, that of retaining a desired form. This property 

of cohesion may be likened to the plasticity of a fire-clay, a quality largely 
determined by the combined water present in the clay. Thus clays which are 
more or less pure silicates of alumina chemically combined with water may be 
dried at a moderate heat without losing their property of becoming plastic, for 
in this case they lose their uncombined water only, and, if again damped, the 
clay will be foimd to knead well ; it may be pressed into various shapes and 
stifl retain the form on removal of the pressure. On the other hand, if the 
clay has been heated to a high temperature, the chemically combined water 
is driven oflF, and no amount of added water will restore the original plasticity, 
as Ulustrated in the fact that " burnt " bricks reduced to powder will not again 
serve the purpose of unbumt clay. So, too, with moulding sand ; it may be 
dried at a moderate heat with no loss of cohesion; but, if " burnt," its plasticity 
cannot be afterwards restored by the addition of water. 

The presence of alumina and combined water in the analysis of a sand 
indicates the amoimt of clay present, and hence the cohering power, as 
the clay acts as a binder. Genemlly, all moulding sands consist essentially of 
silica, with more or less alumina, lime, magnesia, and certain metallic oxides. 
Lime and metallic oxides, if in excess, make the sand more or less fusible ; 
hence they impair its refractory qualities. Silica increases the refractoriness ; 
but when in excess does so at the expense of plasticity. As already noted, 
alumina, if present as clay, increases the cohesion ; but here, again, if in excess, an 
essential property, that of porosity, is destroyed. Evidently, then, in selecting 
a moulding sand, as indeed in all foundry operations, the happy mean must 
be secured ; in other words, an eflbrt must be made to obtain the best com- 
bination of dissimilar properties. 

The essential requirements in a moulding sand are as follows : — 

1. .The sand of which the mould is formed must allow the free passage of 
air and gases generated at the moment of casting. 

2. It must be capable of withstanding a high temperature without fusing. 

3. It should be readily removed from the cold casting, to which it should 
give a clean and smooth skin. 

17 2 
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4. When rammed into shape, it should be firm and sufficiently compact to 
resist the pressure of the liquid metal. 

The following example will serve to illustrate these requirements. Fig. 2 
sectionally shows the mould for a square block ; it is formed in sand, held in 
position by an iron frame. Connected with the space A is a cylindrical opening 
B, funnel-shaped at the top. Now if A is filled with molten cast-iron by 
pouring it down B, the conditions are such that the air filling the space must 
escape through the sand ; further, the increase in temperature generates a 
certain amount of gas which must also find an outlet through the sand. 
Supposing the sand was impervious to the passage of these gaseous currents, 
then the gases would find a path to freedom by ejecting the fluid metal 
through B. From the foregoing it will be evident that the sand in the 
vicinity of A will be heated to a high temperature. When considering the 
resistance of a sand at these temperatures, a sharp distinction must be drawn 
between " burning " and " fusing." The former, as already noted, represents 
a driving off of the combined water, resulting in the sand losing its power of 
cohesion. This being so, burnt sand may be readily removed from the faces 
of the casting. If, however, a fusion is effected, then the resulting casting 
will be extremely hard to clean, for fused sand will be as hard as the casting 

itself, and every particle of it will 
require chipping off before the cast- 
ing at all resembles its pattern. In 
these properties of binding power, 
porosity, and infusibility, lie the 
primary essentials of a moulding 
sand. 

In the construction of a mould, 
other factors come into play ; for 
instance, the sand must resist the 
abrading action of a stream of fluid 
metal, particularly in the case of 
oniameutal castings; for these the 
sand must also be of such a texture as to take and retain the sharp and 
delicate details of the pattern. In considering the washing action of the 
fluid metal, it will be seen that the nature of the sand should vary according 
to the character of the mould. If the surface is flat, a comparatively weak 
sand may be used ; if, on the other hand, it contains a fine detailed pattern, 
a fairly strong one will be required, otherwise the small projections of sand 
forming this detail will be carried away by the rush of metal. Also the finer 
this detail the closer must be the texture of the sand, for, if too coarse, it 
will not enter into the fine interspaces of the pattern ; much of the pleasing 
effect will thereby be lost, and the resulting castings will be lacking in 
sharpness. 

These preliminary remarks indicate to some extent the conditions mould- 
ing sands have to meet. Naturally, in practice one kind of sand is not used 
for all purposes ; but the necessary changes are made to adapt it for light 
and heavy castings, plain and ornamental work, etc. The terms applied to 
various sands indicate the purpose for which they are intended rather than 
their particular property. For instance, " dry sand " refers not to a moisture- 
f i-ee type, but to sands used in the formation of moulds, which, previous to 
casting, are dried in a stove. Green sand relates to moulds cast in the 
green or undried condition. In working both green and dry sand, the 
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sand is rammed around a pattern, and must be sufficiently damp to hold 
together ; but not wet enough to stick to the pattern, or, in the case of green 
work, to generate an excessive amount of steam when casting. A rough but 
fairly reliable test of dampness is to squeeze a ball of sand in the hand ; on 
releasing the pressure, the sand should retain its shape without adhering to 
the t^nd. Should some of the sand stick to the hand, and the ball present a 
rough appearance, it shows the sand is too wet; whilst if the baU readily 
crumbles, it indicates a lack of moisture. 

The term " loam " applies to a clayey sand worked at about the consist- 
ency of stiff slime. As distinct from green or dry sand work, loam moulding 
does not necessarily involve the use of a pattern. In the majority of cases, 
loam moulds are built up roughly to the desired form, and finally swept by 
means of strickles into the shape required. 

" Core sand " usually means an open type of sand used in the formation 
of cores, and is often represented by a mixture of loam and sharp sand. 
" Parting sand," as its name indicates, is used for parting the various divisions 
of a mould. Thus in fig. 2 it will have been noted that a joint is formed at 
C. In order to prevent the sand of the top half of the moulding-box sticking 
to that of the bottom half, a layer of parting sand is spread on the joint C 
before ramming the top box. It has already been shown that when sand is 
burnt it will not again cohere even when damp. Evidently, then, a layer of 
burnt sand serves for separating the various joints of a mould, and thus 
constitutes a good parting sand. 

In forming a mould, the sand in contact with the pattern is termed the 
" facing sand " ; that not in contact, but used as a backing and for filling up 
the moulding-box, is known as " black " or " floor " sand. The purpose of the 
former is to give the casting its desired appearance, such as a good skin ; that 
of the latter to complete the mould by supplying the necessary rigidity and 
a porous backing for the escape of gases. " Black sands " simply represent 
the accumulation of used facing sands, and play only a secondary, but none 
the less essential, part in the construction of a mould. 

The terms "open," "close," "weak," "strong," etc., when applied to 
sands are used in a physical sense ; thus, " open " indicates porosity, and such 
a sand is often " weak." " Close " indicates a diminished porosity, but such a 
sand usually binds well, and is therefore " strong." " Sharpness " indicates a 
lack of cohesion, an example being found in river or shore sand, which, when 
rammed, will not hold firmly in position. 

Types oi Moulding Sand. — A consideration of type is necessarily re- 
stricted to the most familiar varieties of moulding sands. Many foundries 
are so situated as to have ready access to a local sand, which, whilst not in 
general use, may still answer the required purpose. Obviously, black sands 
cannot be dealt with ; for the black or floor sand of each foundry is necessarily 
characterised by the varieties of facing sand used. Not only is this the case, 
but the different sand heaps throughout one foundry may also vary in 
composition. A black sand from the floor of a foundry making light castings 
contained : SiO^, 78*5 per cent ; AI2O3, 4*75 per cent. ; FcgOj, 6*00 per cent. ; 
CaO, 0*30 per cent. As black sand represents the accumulation of used facing 
sand, questions ^tu rally arise as to its original source. In starting a new 
foundry, the moulding floor is formed by treading in an open variety of red sand, 
such as Worksop ; or a yellow variety, such as Erith. The desirable qualities 
are that the sand shall possess moderate cohesion, be of an " open " character, and 
not too costly. Not infrequently such a sand may be found in the neighbour- 
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hood of the foundry. Turning to facing sands on which the appearance of the 
casting depends, it is not always good policy to secure the nearest at hand. 

Facing sands are usually designated by the locality in which they are 
found ; thus, familiar ones are — Belfast and Mansfield red sand ; Erith 
yellow sand ; Clyde rock sand, etc. The properties of any sand are largely 
influenced by its chemical composition, and it will be well to note briefly the 
more salient features. Free silica gives high heat-resisting properties to the 
sand, but it has no cohesive power. The latter can be overcome by the 
addition of a binding material, commonly clay water. An examination of 
many types of sand shows the contents of silica to vary somewhat after the 
following order, but this cannot be given as a general rule : — 



Type of Casting. 


Light Brass. 


Li^ht 
Cast-iron. 


Medium 
Cast-iron. 


Heavy 
Cast-iron. 


Steel. 


Content of Silica, 


percent. 
78 to 80 


percent 
80 to 82 


percent. 
82 to 84 


per cent. 
84 to 88 


percent 
90 to 95 



We have also seen that clay acts as a binder, but when in excess it destrpys 
porosity. The latter feature is due to the fact that clay consists of extremely 
fine particles ; and hence sands high in alumina (if present as raw clay) have 
their pores clogged with this fine plastic material, and thus form a compact 
and impervious mass ; such a sand would, at high temperatures, bake hard 
like clay. For light work the alumina may run up to 10 per cent, or 
thereabouts. 

The actual impurities of a sand are the alkalies — soda and potash — 
which are usually present in insignificant quantities only ; lime, which may 
be present as an oxide or carbonate ; and organic matter, roots, etc., seldom 
exceeding 0*75 per cent., usually much lower, and when below 1 per cent, 
organic matter is not injurious. As will be subsequently shown, organic sub- 
stances are frequently added to moulding sands for certain purposes. 

Viewed broadly, the essential chemical features of moulding sands are found 
in the amount of free silica, as representing refractoriness ; and the amount 
of silicate of alumina present as raw clay, representing binding quality. 
Small amounts of oxide of iron present, and forming a rough coating on the 
otherwise smooth particles of silica or quartz, materially affect the binding 
quality of the sand, so that such sand binds well with a minimum of clay. 
Oxide of iron, however, increases the fusibility of the sand, and excess must 
be avoided. Chemically, other constituents are injurious so far as they 
render the material too easily fusible, or give rise to the generation of 
excessive amoimts of gas at high temperatures. 

The analyses given on the following pf^e are those of typical sands from 
various districts. 

It will be noted that, chemically, the types of red sand given show com- 
paratively small variations, a feature which emphasises the fact that a sand 
must be judged from a twofold point of view, viz., chemical and physical. 
The physical condition of a sand is, in the present state of knowledge, a 
matter to be judged by the moulder's experience. Instinctively he associates 
certain features with certain properties, and the greater his experience with 
various sands the more reliable will his judgment be. 
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In testing dampness, a rough method has been indicated. Following the 
same plan, if a ball of the sand is squeezed in the hand certain features are 
noted. Thus, the slight force required to break the ball into halves will 
indicate to some extent its lifting power, or coherence. The appearance of a 
broken surface will indicate the compactness of the sand when rammed and 
the facilities it will offer to the passage of gases. This may be readily tested 
by taking a sample of open and one of close sand, and comparing the crystalline 
arrangement, which is sufficiently large to be noted by the naked eye. The 
lifting power may also be estimated by squeezing a sprig in the ball and 
suspending it by the free end. 





Mansfield 


Kidderminster 


S. Staffs 


Building 

Chips. 

Glasgow. 


Clyde 
Rock 
Sand. 


Glenboig 
Silica 
Sand. 


Silica 




Red Sand. 


Red Sand. 


Red Sand. 


Sand. 


SiO-, . . 


83-40 


88-69 


86-62 


92-76 


86-82 


88-9 


96-22 


7-47 


6-26 


647 


2-66 


7-10 


7-48 


2-66 


A1,0„ . 


8-14 


4-10 


8-72 


2-60 


8-74 


4-17 


104 


CaO,. 


0-20 


0-66 


0-74 


0-27 


0-64 


1-02 


0-29 


MgO, 


0-62 


0-51 


0-52 


trace 


0-81 


0-86 


trace 



These tests, although rough and ready, are sufficient for the purpose ; and 
the young moulder will, by the application of similar simple tests, gain much 
of value. The final test of a sand is naturally the character it imparts to 
castings, but, as here experiment is costly, a method of judging suitability 
before use is desirable. The best, and, in fact, the only method is that 
indicated; judgment foimded on experience. 

Mr C. Scott ^ has, however, devised a system of differential sieving in 
which the grade of sand is classed according to its fineness (state of division). 

^ Iron Age, Nov. 1, 1900. 



CHAPTER IV. 

FACING SANDS AND FACINGS. 

It has already been shown that the material of which a mould is constructed 
must permit of the free passage of air and of gases generated at the moment 
of casting. It must also be firm and sufficiently compact to withstand the 
pressure of the liquid metal. Further, it must bear a high temperature 
without fusing, and permit of ready removal from the casting to which it 
should impart a clean and smooth skin. 

Without entering into the details of moulding, it has also been shown that 
the sand forming a mould may be divided into two portions : that forming the 
face of the mould, known as facing sand ; and that forming the backing, known 
as the floor or black sand. 

In the selection and use of facing sand, the moulder is guided by his 
experience, by the quality of sand available, and by the kind of work in hand. • 
As facing sands vary very considerably, the following notes are intended as 
a guide only, in which form they will serve a better purpose than would be 
gained by detailing a series of mixtures. 

Green Sand FacingB for Grey Iron. — The majority of facing sands are 
mechanically milled and sieved, apparatus for this purpose being illustrated 
in Chapter V. The more intricate the detail of the pattern, the finer should 
be the grade of facing sand used; for light ornamental work such sand is 
milled very fine. Light work, but of plain surface, requires a weak sand; 
black sand will answer here better than a nulled facing. Hence a stove-grate 
moulder in jnaking a register front, part of which has detailed ornament, and 
part plain surface, only uses facing sand on the figured part, floor sand being 
used on the plain surface. Both facing and floor sand are mixed with coal 
dust in the proportion of one shovelful to each riddle of sand. This applies 
to work of comparatively thin section and large surface, such as is common in 
stove grate foimdries. Coal dust is used in all green sand facings for iron, 
its object being to assist in peeling the sand from the castings. This object 
is achieved by the fact that the heat developed by casting converts some 
portion of the coal dust into gas, thereby preventing the molten metal reach- 
ing into the pores of the sand, and so retarding fusion of the sand or the 
binding of its particles into a compact mass. The example of a register front 
gives a key to the use of facing sands, namely, the more delicate the detail of 
the pattern the stronger must be the sand ; and, conversely, the plainer the 
surface the more open should be the sand. Thus, for fine ornamental work, 
for wheels with fine teeth, and for all cases where small isolated bodies of 
sand have to resist the wash of a stream of metal, new sand is used. This is 
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mixed with coal dust in the proportion indicated, and well milled, 
detailed work, such as large fluting on columns, is faced with a mixture of 
equal quantities of floor and new sand mixed with coal dust, and milled as 
before. The new sand may be any of the red or yellow sands, as Belfast, 
Mansfield, Staffordshire, or Erith, according to the locality. Mixtures of new 
sands are occasionally employed, but no decided advantage is gained ; by far 
the better plan in green sand work is the use of one type of new sand only, 
diluting it to the required extent by means of floor sand. In jobbing iron 
foundries all new sand is rarely used for facing purposes, floor sand being 
added in amounts varying, according to the character of the work, from 25 to 
75 per cent. In this class of work the amoimt of coal dust also varies, for 
both coal dust and strength of facing have a decisive effect on the appearance 
of the casting. Thus the teeth of heavy spur-wheels require a stronger facing 
than the rim, arms, or boss. Generally the amount of coal dust varies from 
* one part to six parts of sand up to one part of dust to twenty of sand. With- 
out stating a definite rule, it may be taken that the heavier the casting, the 
higher the proportion of coal dust permissible in the sand. Facings for 
castings over three inches in thickness are usually mixed in the ratio of one 
part of coal dust to eight or nine parts of sand. If too much coal dust is 
present in a facing sand for light work, the castings will present a glazed and 
shiny surface ; whilst an excess in sands for heavy work results in the castings 
being pitted ( " pock-marked " ) and full of veins. The ideal colour for an 
iron casting as it leaves the sand should be a dull grey, and this is very 
largely determined by the coal dust present. 

Diy Sand FacingB for Iron. —Any sand which, in the rammed condition, 
will permit of drying into a compact and coherent but porous mass, will answer 
the purpose of a dry sand mixture. Many green sand facings dry into friable 
masses ; hence their unsuitability. Various mixtures, partaking somewhat of 
the nature of loam, arc employed ; thus a close sand may be mixed with an 
open one and tempered with clay water to give the necessary bond. Mansfield, 
Staffordshire, or Erith may individually be used as dry sand facings, being, for 
this purpose, mixed with horse-dung and milled. Rock sand, of the type 
given in Chapter III., is exceptionally good for all classes of dry sand work. 
This sand, without admixture, dries into a hard, but very porous, mass ; and 
castings from it have a clear skin, and are remarkably free from scabs. 

Where weak sands have to be used for dry sand work, the requisite bond 
may be added in the form of clay, flour, or core gum. A clay-water pot is 
common to all foundries, and is a tank or tub in which clay is soaked in water ; 
the consistency of the resulting " clay water " ranges from that of cream to 
that of treacle, according to requirements. A weak sand is tempered with 
this clay water, which gives consistency and body to the sand ; such addition 
will often convert a weak sand into a passable one for dry sand work. 

Green Facing Sand for Brass. — Although the alloys designated as brass 
are cast at a much lower temperature than grey iron, there is nevertheless a 
decisive action between the fluid alloy and the sand. CJertain of the copper- 
tin alloys, especially phosphor bronze, possess in a very distinct manner the 
property of "searching." So much is this the case, that if two castings, one 
of grey iron and the other of phosphor bronze, are poured into similar moulds, 
the grey iron one will come out with the better skin, and this in spite of the 
fact that there may be a difference of some 300' C. in favour of the bronze. 
Another aspect of the same thing may be found by taking lead as an example. 
This metal, poured into a mould at full red heat, will result in a casting of 
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torribly rough skiii and full of veins. Lead at a red heat represente a casting 
ton»pen*ture of from 500* to 800* C, which is comparatively low for sand. 
None the less, the sand will adhere tenaciously to the casting, and in difficulty 
\\( nnuovnl will resemble semi -fused sand. Therefore resistance to heat 
HltHie dix>8 not always determine the suitability of a moulding sand, for it 
must also ofler resistance to the penetration of a thinly fluid metal or alloy. 
All alloys ei>ntaining tin possess this property of searching into the pores of 
the mould and binding the particles of sand together. Although searching 
dix^s not necessarily indicate fusing, it will readily be seen that it has the 
Mamo etfwt, for in either case the same difficulty is experienced in trinuning 
the wisting. This searching action imposes the following conditions : — 

1. i\>al dust cannot l)e used with green facing sands. 

2. Sands for brass must be finer and drier than sands for grey iron. 

3. The moulds must be rammed harder than similar ones for iron. 

In certain cases, coal dust or plumbago may be mixed with facing sand ; 
but, as a general rule, such admixture results in veined or pock-marked 
ciiNtingH. Owing to the searching action, the sand must be in a fine state of 
di vision, and it must be rammed comparatively hard. Hard ramming neces- 
sarilv involves a drier ^nd than one submitted to normal ramming. 

'tho sands actually used are the finest qualities of Belfast, Mansfield, or 
Hinuingham cemetery. Floor or bench sand is frequently renewed by addi- 
tions of now sand, but it never reaches the black colour characteristic of an 
iron moulder's floor sand. In grain it is comparatively fine, and this floor or 
bench sand alone is sufficient for facing plain work, such as valve bodies. 
With ornamental work new milled sand is used. Naturally between the 
t»xtri»num of plain aijd detailed ornament various intermediate stages are 
formt^d, and, as the pattern approaches either extreme, old, new, or mixtures 
of old and new are used. 

Dry Sand Facing for Brass. — As with iron, the authors have found no 
I Hotter facing than rock sand, which has answered admirably on all grades of 
etiMtingM, varying in weight from 1 cwt. to 18 tons. Mansfield or Staffbrd- 
Mhire also gives good results, but not with the same regularity. Very heavy 
ouMtiugM may Ihj made in moulds faced with steel moulding "compo," but the 
n|))H*iirance of the casting is not equal to those made in rock sand. 

Loam. — A combination of dissimilar properties is essential to a good 
Umu mixture. This material is worked at about the consistency of stiff* 
mIIuu), and an essential property is that it must admit of drying without 
Mndt*rgoing too great a contraction. It must also dry hard, and, in this 
eohdition, admit of carding (i.e. rubbing) without being friable ; and yet be 
|MM'ouH, in order that the molten metal will lie kindly on it. This involves 
that a stream of metal shall not cut the surface of the mould, which it may 
do if the loam is too compact. Mixtures of loam are infinite in number, each 
foundry foreman having his own particular one. A mixture of close sand, 
ojMnied by the addition of sharp sand and brought to the required consistency 
by means of clay water, is exceedingly serviceable. Staffordshire, Erith, or 
MuMHfield, opened by means of cow-hair or horse-dung mixed with water or 
tilay water, make up into good loams. Finishing loam is simply a finer grade 
of the loam used for backing, whilst building loam represents unmilled floor 
Maud mixed with water into a stiff sludge. 

(keen Sand Facings for Steel.— Only light castings are made in green 
MAud, and an ordinary mixture as for iron is used. Any of the red sands 
veil, provided a suitable facing is dusted on. 
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Dry Sand Facings for SteeL — The bulk of steel moulding represents dry 
sand work. Sands employed must, owing to the high casting temperature, 
be of a very refractory nature; and to meet this, silica sands are largely 
employed. The analysis of a silica sand given on p. 20 shows 95 per cent. 
SiOg, but such a sand is deficient in binding power. To obtain the requisite 
cohesion, clay is added, as in loam. Various types of composition, technically 
termed " compo," are in use, and for the most part consist of old crucibles, 
fire-bricks, or similar "burnt" refractory material ground to the required 
fineness, and mixed with various binding agents. As a rule, it is better to 
purchase compo from a supply house than to grind and mix it in the foundry. 
Where home mixing is conducted, silica sands and clay may form the basis of 
the compo. Ground burnt refractory materials have the advantage that they 
reduce the contractibility of the mixture, and their use is not costly. The 
following mixtures give an idea as to the ingredients employed ^ : — 





For Castings of 20-60 mm. 


For Castings over 50 ram. 


A. B. 


C. 


D, 


Old facing sand, 
Old crucibles, .... 
Fire-brick, .... 
White clay, .... 
Ck>kedii8t, .... 
Silica sand, .... 
Graphite, .... 


4 

1 
I 
1 
i 

Litres. 


12 

1 

"5 

2 

Litres. 


1 
10 

6 

8 

1 
... 

Litres. 


'2 

16 

Litres. 



Core Sands. — Owing to the fact that the majority of cores are entirely 
.surrounded by metal, the sand of which they are made has more stringent 
conditions to meet than facing sands, which form the external part of a 
casting. Certain cores approach an S shape, and, except at the two ex- 
tremities, are entirely surrounded by metal. For the present, three conditions 
should be noted : (1) the core has to stand much handling in fixing in the 
mould ; (2) the gases generated on casting must find an egress through the 
core and not through the metal ; and (3) the core has to be removed from 
the casting. 

All cores, before entering a mould, are dried, and in this condition must 
be hard enough to permit handling, and porous enough to admit the free 
escape of gases. Yet the sand must not be burnt or converted into a com- 
pact mass by the heat, for, if so, it will be exceedingly diflScult to remove it 
from the casting. Some of these conditions belong to core-making. Turning 
to core sands, and looking at them from a purely chemical point of view, one 
high in silica should yield the best results. To such a sand the necessary 
bond may be added by means of flour, rosin, core gum, etc. In other words, 
an ideal core sand is one in which silica is given bond by the addition of an 
organic substance which produces a firm core capable of withstanding high 
temperatures and resisting the penetrating action of fluid metal. Such a core 
is friable in the cold casting, and therefore readily removed. If bond is given 
to silica by clayey matter (hydrated silicate of alumina), then the metal bakes 

* Stahl und Eisen, vol. xxiv., No. 16. 
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the cores hard (the clayey matter becoming hard burnt clay), and therefore 
renders their removal a difficulty. 

For ordinary small cores, red or yellow sands opened by means of horse- 
dung, and hardened by core gum or rosin, are Chiefly used. Small intricate 
cores, surrounded by heavy masses of metal, should be made of rock sand, to 
which a small quantity of dung and rosin has been added. Larger cores 
are made from dry sand mixtures, or dry loam to which horse-dung or sawdust 
and core gum are added. 

It will have been noted that various substances are used in conjunction 
with moulding or core sand. Thus the function of coal dust has been indi- 
cated ; for heavy and coarse work, coal dust may be replaced by coke dust. 
Hair, horse-dung, and sawdust act as " openers," i.e. they increase the porosity 
of the sand or loam. Dung is dried and sieved for small cores, but simply 
riddled for dry sand or loam. The undigested hay of the dung, the hair or the 
sawdust to some extent carbonise on drying, thereby leaving tiny interstices 
in the sand. Core giun is a glutinous product derived from potatoes or other 
starchy substance. CJore gum, gluten, and kindred substances act as binders, 
without increasing the fusibility of the sand. A hard surface imparted by 
ramming is fatal to sand, for fluid metal will not lie on it ; but a hard surface 
resulting from the presence of core gum or rosin does not necessarily 
rej)resent an impervious one, and fluid metal will usually lie quietly on it. 
Heat, instead of fusing, tends to loosen a sand made hard in this manner. In 
the case of green sand facing for grey iron, the presence of coal dust was 
indicated as tending to peel the sand from the castings. To assist this peel- 
ing, the surfaces 'of all moulds are lightly coated with either a refractory 
material, or one which, by the formation of a thin stratum of gas, retards 
searching by the fluid metal. 

These facings in green sand work are dusted on the mould through a calico 
bag or stocking-foot, care being taken to distribute an even coating. The 
surplus is blown out by means of bellows, otherwise a collection of loose 
facing would act in the same way as dirt, namely, leave holes in the casting. 
Instead of blowing out, the facing may be sleeked, that is, smoothed on the 
surface of the mould by means of a trowel, or brushed by means of a camel- 
hair brush, if its surface permits. Should the surface be inaccessible to 
sleeking tools, then, after dusting on the facing, the pattern may be returned 
to its place and lightly tapped to ensure uniform contact. Such a method, 
termed "printing," ensures a very smooth casting, but can only be applied to 
facings which do not stick to the pattern. 

In dry sand and loam work, facings are applied as a liquid, being painted 
on the mould either before or after drying. In the latter case, the mould is 
painted .whilst hot. 

All facings are in a state of fine powder, and, chemically, may be divided 
into either carbonaceous or siliceous materials. The former includes flour, 
pease-meal, charcoal, coal, and plumbago; whilst the latter includes silica 
flour, talc, and soapstone [both varieties are acid magnesium silicate, HgMgg 
(Si02)4, or H20,3MgO,4Si02], and silicates sold under trade names. " Plum- 
bago " in foundry terminology is applied to the mineral graphite. " Black- 
ings " represent mixtures of charcoal dust, coal dust, and fire-clay ; or plum- 
bago and fire-clay. Many of the white facings sold are silicates of magnesia, 
as, for example, floured talc. As facings, these silicates are very serviceable. 

The property of adhesion is of some moment in considering the use of a 
facing, and this property is to some extent determined by the nature of the 
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fluid entering the mould. Thus, with light green sand work in iron, charcoal 
answers well, and the powder lightly dusted on will give a casting which 
** peels " readily. For heavier work, plumbago blacking, and plmnbago are 
desirable, and in turn they effectually peel the sand from the casting. Char- 
coal, plumbago, or blacking mixture are entirely unsuitable for green sand 
work in brass. If simply dusted on, these facings ball up in front of the 
stream of metal, thus forming dross, which, in the cold casting, is equal to so 
much dirt. These facings, if used on green sand moulds, must be carefully 
sleeked on ; and, when this is followed, the skin of the castings is of a more or 
less black colour, which, from a brassfounder's point of view, is a disadvantage. 
For light brass castings, flour or pease-meal is decidedly preferable; these 
facings adhere most tenaciously to the sand, and, if lightly dusted on to sand 
of fine texture, very smooth castings of true brass colour result. For heavy 
green sand work in brass, white facings such as terra flake (floured silicate of 
magnesia) offers advantages greater than plumbago in that the same surface 
or skin is obtained without a loss of the true brass colour. Carbon facings 
are used to advantage on moulds for brass, if painted on in a liquid form and 
the mould subsequently skin- or wholly dried. Thus, so far as dry sand 
work is concerned, a facing suitable for iron will answer for brass ; but such is 
not the case with green sand work. 

All facings applied as a liquid come under the term " blacking," which, as 
noted, may represent mixtures of two or more of the following: charcoal, 
coal, coke, plumbago, and clay. This mixture in a floured condition is mixed 
with water to the required consistency, and applied to the surface of the 
mould by means of a " swab," a camel-hair brush being used for the finer 
details. Blackings are less costly than unadulterated plumbago. The latter 
facing, however, always yields the best results for either iron or brass. Wet 
blackings are sometimes sleeked, and in this case a light sprinkling of dry 
plumbago on the wet blacking before sleeking will ensure an effective skin, 
Unsleeked blackings answer well, provided swab or brush marks do not show ; 
and to such blackings, salt, sal ammoniac, or core gum is added in order to make 
them set hard. Facings for steel moulds are either nearly pure silica or 
carbon, or mixtures of these. Green sand moulds are dusted with floured 
silica, whilst dry moulds are painted with plumbago. In some cases floured 
"compo" is also added to the facing, as in the following : — 

Compo, ..... 1 pail 

Plumbago, . . . . . 2^ lbs. 

Silica flour, ..... 3 lbs. 

Both compo and silica should pass through a 60-8ieve, and the three ingredients 
are mixed in water to the required consistency. Other washes for steel moulds 
are: — 

Plumbago, . . . . 6J lbs. 15J lbs. 

Silica flour, ... 

Sal ammoniac, . 

Water, 



Plumbago and water yield excellent results on w 



10 „ 3 

I pail 2^ pails. 



ork of medium weight. 



CHAPTER V. 

FOUWDEY TOOLS. 

In this and the following two chapters moulding and foundry tools are 
discussed in so far as they can be separated from actual foundry operations. 
Commencing with a moulder's tools, these will necessarily vary with the class 
of work on which he is engaged, and for the greater part represent home-made 
articles. Trowels, cleaners, sleekers, and gate knives are usually purchased 
as required ; but the remaining tools are made by the moulder, who either 
casts them to shape or works them up from rod. In this case brass rod is 
usually employed, whilst cast tools may be of brass, iron, or steel. Brass 
tools answer admirably for brass or iron moulding; but in steel moulding, 
owing to the gritty nature of the compo, they are very rapidly worn 
away, and for this work steel or cast-iron tools are more serviceable. 
In passing, the authors may mention, as a matter of interest, that they 
have been watching the life of a trowel made from a 36 per cent, nickel- 
steel, an alloy that takes a high polish, does not readily corrode, resists 
abrasion well, and in other than foundry circles is known as "Invar." 
In ironfounding it stood better than any one previously tested, but, used 
regularly in a steel foimdry on Sheffield compo moulds, it seems to be wear- 
ing more rapidly than an ordinary hardened and tempered steel one also in 
regular use. 

Turning to the actual tools used, several steel cleaners are shown in 
fig. 3 ; they represent tools absolutely essential in all jobbing work. The 
lowest tool in this illustration represents a vent wire used for artificially 
opening the sand and forming passages for the escape of mould gases. In 
size, all tools vary accoixiing to the class of work. Small tools for a light 
iron or brass moulder are shown in fig. 4. These represent spoon tools, 
bead and button smoothers, and small trowels. Fig. 5 reproduces a few 
" sleekers," that is, tools used for sleeking or smoothing the face of a mould. 
These tools are used in places inaccessible to cleaner or trowel. The latter, 
the most indispensable tool in the moulder's kit, is shown in fig. 6. Trowels 
vary from 1 to 2 inches in width, from 5 to 8 inches in length, and are 
provided with a ball-form w^ooden handle. In working the trowel this ball 
handle fits the palm of the hand, and the index finger is pressed on to the 
blade. It may be well to note that the so-called Scotch trowel is provided 
with an iron handle only, usually J inch square and 3 inches long, but the 
authors in this case prefer the English form of wooden handle. Turning 
again to fig. 6, three " gate knives " will be noted. These have usually a 
heart shape and an oblong blade. Two handy forms of " gate cutters " will be 
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Fio. 8.— Moulder's Steel Cleaners. 




Kio. 4.— Moulder's Small Tools. 
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recognised in the teaspoon minus a nose, and in the strip of brass immediately 
to its left. A moulder's kit should contain various sizes of camel-hair brushes, 
one of which will be noticed in fig. 6. Th^e are used for brushing dry 




Fio. 5.— Moulder's Sleekers. 




Fig. 6. —Moulder's Tools — Miscellaneous. 

plumbago on the face of a mould or for applying liquid blacking. Two forms 
of core pins will also be noticed, and these are used for picking up false cores 
in light work. One of these core pins is formed from steel wire and the other 
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made by fixing two sewing needles into a tab of wood. The 
flat plate in the foreground is used for stopping off diaper 
patterns, gratings, trellis work, and the like, when castings 
of a different form to that of the pattern are required, and 
where space will not permit of the introduction of a straight 
edge. Amongst the miscellaneous items of fig. 6 will be 
noticed a water brush and lifting screws for drawing patterns. 
One with a T head is for wooden patterns, and is formed 
by casting the head on an ordinary wood screw. The spirit 
level is essential in many foundry operations, but chiefly on 
the sand bed for open cast work. A handy form of tool for 
working on the sand bed is shown near the spirit level. It 
consists of two tapering heads of different size, and is used for 
making channels. Thus, after a core grid has been marked 
out on the bed, channels are formed by pressing this tool to the 
required depth along the marked lines. To the foregoing tools 
should be added calipers for internal and external diameters. 
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A B 

Fio. 7. — Rammers. 

and large compasses or trammels for marking out. The latter 
may be replaced by a length of string and a nail driven into 
a block of wood, but trammels are preferable. 

The tools indicated are, or should be, the moulder's own 
property. Tools supplied by the shop comprise dry brushes, 
bellows, shovels, riddles, sieves, hand lamps, rammers, etc. 
Floor sand, before use, is passed through a ^-inch-mesh riddle ; 
facing sand for large work is passed through a J-inch-mesh 
riddle ; whilst, for fine work, an ^-inch sieve is used. Parting 
sand is passed through a sieve of ^^inch mesh. Nothing need 
be said of the shovel, further than that it should be treated and 
. used as a tool. Shovels are maintained in good condition by 
cleaning them every night, and then daubing them with oil, 
which is burnt off on the following morning. A clean and 
bright shovel means sweet and light work. 

Rammers are of various patterns, but are roughly of two 
classes, known as " pegging " and " flat " rammers respectively, 
the former being used for the preliminary^ and the latter for the 
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final ramming. A in fig. 7 shows an ordinary pegging rammer formed by 
casting a head on to an iron rod ^ inch in diameter by 14 inches long. The 
head is about 2 inches in length by 1 inch in width, tapering down to 
about J inch at the nose. Owing to the short length of shaft, this is 
known as a bench moulder's rammer. Double-ended pegging rammers 
may be used, the two ends being of different size. The purpose of the 
wedge-shaped pegging rammer is to tuck or press the sand into the inter- 
stices of the patterns. Flat rammers, such as B in fig. 7, are employed 
for the final ramming. The flat end of this rammer is about 2^' inches 
in diameter by 1 inch in thickness, w^ith a shaft of similar length to 
that of the pegging rammer, A combined pegging and flat rammer for 




Fio. 9.— Sand Mill. 

bench work is shown at C in fig. 7. This is turned from hard wood, and the 
ramming faces may, in certain cases, be covered with a strip of gutta percha. 
Floor rammers only differ from bench rammers in point of size. Thu^ the 
head of a pegging rammer is about 3 inches in length by 1^ inch in width, 
and tapers down to about ^ inch at the nose. Flat rammers are about 4 
inches in diameter, and the shafts of both are about 4 feet in length. Pit 
rammers represent a heavier type of flat rammer, and have usually wooden 
shafts fixed into a wrought-iron socket which is cast into the rammer head. In 
the case of large w^ork, pits and the like, ramming is laborious, and an effort to 
lessen work in this direction is found in the introduction of rammers actuated 
by compressed air. These rammers are not extensively used in this country, 
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Fio. 10.— Kotary Sand Sifter. 



but they undoubtedly have a future, and the authors have found them 

exceedingly valuable when ramming up pits. Various styles of pneumatic 

rammers are on the market ; a 

typical one is shown in tig. 8. 

Pegging, or flat heads, may be 

introduced, and the length of 

stroke varied to suit special 

cases. As a rule, the number 

of strokes per minute can be 

varied from 200 to 400, and 

the weight of the rammer 

ranges from 14 to 18 lbs. 

This practically comprises 

all the sand-handling tools. 

Turning to the sand-preparing 

tools, these are mainly grinding 

mills and mechanical sifters. 

The most common form of 

grinding apparatus is the 

ordinary pan mill, slightly 

modified to suit foundry re- 
quirements. Fig. 9 shows a 

typical mill of this description. 

Mills fitted with two plain 

rollers tend to cake the sajid, which, after delivery, requires riddling to break 

it up again. For a universal mill the authors prefer a plain and a cogged 

roller, as in this case the latter neutralises the caking action of the former. 
Such a mill is suitable for either sand or loam, and water may be 
I led iiUo the imu hy lULnuin of a hos**. Mills fitted with plain 

rollers iiiav \*^' UKe(l ^**^ ^mudiug voul dust; but when, this is 
iittemptud'in the ftinndrv, a UxW h\iil is more convenient. It is, 
huwuver, (at i setter for tKr fonudrv U.y purchase coal dust ready 

for use, as in the end 
this is more economi- 
cal than grinding it. 
Mills with solid rollers 
are also used for break- 
ing up brass foundry 
slags, preparatory to 
washing, for the re- 
covery of metal from 
the slag. 

Mechanical sand 
sifters may be formed 
of a rectangular riddle 
suspended by slings 
and given a to-and- 
fro motion by means 
of a cam actuating 
the frame. A more 

familiar type of sifter is a rotating one, shown in fig. 10. Sifters of this 

description may be attached to a mixing trough in which a revolving worm 
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Fio. 11.— Battle Creek Sand Screen. 
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mixes the material, breaks up lumps, and discharges into the rotating sieve. 
The sifted sand is collected in a bin below the sifter. In capacity these sifters 
vary from 30 to 50 cubic feet of sand per hour. They may be made portable 
by attaching them to a waggon ; they are then operated by a motor, with 
flexible leads. Another type of portable sifter is the Battle Creek sand screen, 
fig. 11, which is operated by steam or compressed air. Reference to the 
illustration will readily show the action of this sifter. Portable screens are 
of advantage in dealing quickly with large quantities of floor sand in that 
the sand has not to be moved from the position in which it is required. Fixed 
sifters are most suitable for facing sand. 

A type of mixer which screens and tempers facing or core sand ready for 
use is shown in fig. 12. This is known as the Standard sand mixer, and each 
machine is provided with a water tank and graduated glass to measure the 
water sprayed on the sand. The unmixed sand is charged into the mixer 
through a screen, water turned on, the charge effectually mixed and moistened 
by the revolving paddles, and then discharged into a barrow. 




Fio. 12. — Standard Sand Mixer. 



Where no mechanical facilities exist for treating facing sand, it is sieved by 
hand^ coal dust is added and well mixed by repeated turning over. Water is 
added imtil the sand is suflBciently damp, the heap is then well " trodden," and 
at each step the treader gives a twisting movement with heel and foot which 
imparts toughness or grip to the sand. The toughening effect of this twisting 
movement of the feet may be accentuated by hand in the following way : — 

A sieveful of sand is placed on a board, and the operator, on his knees, rubs 
it to and fro with a round toughening stick, a slight twisting movement being 
imparted to each rub. 

The remaining tools are essentially shop ones, and are used as accessories 
to the mould, or in moulding operations, on the one hand ; and, on the other, 
as accessories for handling molten metal. Excluding moulding-boxes and 
handling facilities, the following general tools demand notice here : — 

Any mould, previous to casting, must be so fastened down that its top 
cannot be lifted by the pressure of the fluid metal, and one of the most 
familiar methods of achieving this end is by piling weights on the top. These 
weights sometimes take the form of pig-iron or heavy scrap, a method both 
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unwieldy and inadvisable. It is far better to employ weights of suitable sisse, 
which permit of ready handling and correctly serve their purpose. The 
authors have found the two forms, shown in fig. 13, very serviceable for small 
boxes. This form gives a flat bearing across the mould, effectually preventing 
bursts when shallow top parts are used and the two recesses permit of handling 
without trapping the fingers. A form of weight suitable for snap-flask work 
is shown in fig. 14. The central cross, which is cored out, allows a fair 
latitude for placing runners, and at the same time, practically the whole 
surface of sand is covered. This is essential in snap-flask work, for, when 
casting, the moulds are not supported by a box; hence, weights of various 
sizes are required to suit the flasks used. A form of crane weight, with 




Fio. 18.— Flat Weighta. 

lifting hook cast in, is shown in fig. 15. Weights of this type are employed 
on floor work, and vary from 5 cwts. up to 1 ton. These weights are exceed- 
ingly useful, and every foundry engaged in heavy work will find them of value. 
As a general rule, the authors do not advocate weighting down ; but where 
this practice is followed, quite apart from neatness or convenience, it is better 
to have weights, the sum of which can be readily reckoned, than to place on a 
miscellaneous pile of pig-iron, moulding-boxes, etc., the total weight of which 
can only be guessed at. 

Where possible, moulding-boxes should be cramped ; this may be effected 
by means of the box pins, or by cramps overlapping the full width of the box, 
and tightened by a wedge. Cramps are of cast- or >^TOught-iron, with toes of 





Fig. 14.— Snap Flask Weight. 



Fig. 16.— Crane Weight 



sufficient length to permit of a good grip on the box, whilst wedges are of 
wood or wroughtriron. The latter are safer, and are usually about 3 inches 
long by 1 inck broad, and taper from | inch downwards. The less packing 
employed the better; hence a stock of cramps of varying size is essential. 
Adjustable cramps have been devised, and one of these is shown in fig. 16. 
Fig. 17 shows various methods of cramping, and it will be noted that in one 
case cramps are passed over the full width of the box ; in another, the box 
pin has a cotter hole, through which a small wedge or cotter is passed ; and 
in the last a nut and l)olt pass through the box snugs parallel with the pin. 
Cramps may also be wedged on to the snugs or handles. Properly tightened 
cramps are effective up to rupture, but it should be remembered that a box of 
large surface may spring ; hence, if the box is of light section and large size, it 
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should be weighted in the centre in addition to cramping on the edges, in 

order to prevent straining. In light work, particularly small brass work, the 

moulds, after completion, are turned on end to cast. 

f N This involves the use of binding screws, which may 

h I be of wood, having large buttery nuts; or of iron 

1/ h r rod, with ordinary hexagon nuts. The usual style is 

^ ■ * ' shown in fig. 18. Flat boards or plates are also 

required, of a similar size to that of the boxes. A 
pair of plates, one on the bottom and one on the top 
of the mould, drawn firmly together by a pair of 
screws, will permit the mould to be turned on end for 
casting. In certain cases two or more moulds may 
be placed within one set of screws for casting. Apart 
from this, flat boards or plates have a wide use in 
bench or tub moulding. In floor moulding, similar 
boards are used for " turning over," or as bottom 
boards, when the bottom half of the moulding-box is 
not fitted with cross-bars. Large bottom boards of 
this character are formed of 1-inch timber, well stayed 
with cross battens. When nailing the planks on to 
the battens, a space of J inch or thereabouts is left 
between each plank. If the planks butt one against 
the other, a series of holes are drilled through, the 
object of these spaces or holes being to permit of the 
escape of gases from the sand. Turning boards are 
similarly built up, except that no provision for venting 
is required, and the face should be planed. Lifters, 
^ 11 or "gaggers," form a common, but most valuable, 

n accessory to moulding operations, and are used for the 

V \ purpose of strengthening the sand of a mould when 

^ the cross-bars of the moulding-box are insufficient for 

this purpose. They may be formed by bending an 
iron rod, so that one end will rest on the cross-bar of 
a moulding-box and the other carry or strengthen the sand. Fig. 19 shows a 
cast- and a wrought-iron lifter. As tlie sizes naturally vary with requirements. 




Fig. 16. — Adjustable 
Cramp. 
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Fig. 17. — Methods of Cramping. 
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Fig. 18. —Mould Screws. 



a large stock of assorted sizes should be kept in order to meet any particular 
need. In addition to lifters, iron rods and sprigs are largely used for strengthen- 
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Fig. IQ.—Lifters. 



ing moulds or cores. Sprigs vary in length up to 6 inches ; whilst all sizes of 
rod are required, the variety used being a cheap wrought-iron known as nail rod. 
In some cases, lifters are replaced by pieces of wood, cut to size, and jammed in 
the top part ; when used in this fashion the pieces of wood are termed "chocks." 
Another type of miscellaneous tool is found in a portable fire-basket. 
These are, as often as not, formed by punching holes in a pail for a small fire 
or in a discarded oil drum for a larger fire. 
A more convenient type of fire-basket is 
formed by making a cage of iron rod sup- 
ported by a framework of cast-iron, as illus- 
trated in Chapter VIII. Fire-baskets, or 
" devils," are used for skin-drying sand moulds 
or for stiffening loam. ^ 

Trestles are chiefly used for running up 
cores, as illustrated in Chapter IX. Fig. 20 

shows a typical trestle for this purpose. It is made in open sand, the 
two feet being cast on at a later operation. Small trestles may be used on 
a core bench, and for this purpose bar-iron bent to the required form, with 
the two ends let into suitable feet, offers a light, yet stable trestle. Turning 
to accessories for dealing with molten metal, these for the most part include 
carrying tongs, shanks, and ladles. Metals or alloys melted in crucibles are, 
as a rule, cast from the crucible by means of either teeming or carrying tongs. 

With teeming tongs the caster 
grips the centre of the crucible 
and supports some of the weight 
by resting the tong shanks 
on Jiis knee during pouring. 
In this way the caster stands 
in line with the moulding-box. 
Brass and Grerman silver aire 
often poured by means of the 
pulling-out tongs, and then the 
caster stands in front of the 
crucible, the lip of which is 
rested on the moulding-box. 
In other cases the load may be 
supported by resting the tong 
shanks on a weight laid across 
the moulding-box. When the 
contents of the crucible exceed 
50 lbs., carrying tongs are 
employed, and of these the 
three types shown in fig. 21 
are the most representative. 
A and B grip the pot by bringing together the two handles of the single 
end, whilst the double end is used for turning up the crucible. Both 
these types are familiar in crucible steel foundries; whilst C, which has 
a solid ring, is chiefly used in brass foundries. In the case of brass 
foundries, crucibles range in capacity from 20 to 400 lbs., and naturally 
the diameter of the ring C is mtide to fit the particular size of crucible 
employed. This diameter is such that the ring wedges at about the 
centre of a new crucible; but as the latter lessens in diameter by use. 
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Fio. 20.— Trestle. 



38 



GENERAL FOUNDRY PRACTICE 



wedges are employed to prevent the ring coming too high. The crucible is 
placed in the ring of the carrying tongs, which are then lifted, and, just before 
the centre is reached, a wedge inserted, which tightens on further lifting. 

A hand shank for catching cast-iron from a cupola spout is shown in fig. 
22. In capacity these shanks range up to 60 lbs. For larger capacities the 
shanks have double ends, as shown in fig. 23. The sling shown on the shank 
of fig. 24 is intended for crane lifting ; but a shank of this description may be 




Fio. 21.— Canying Tongs. 




Fio. 22.— Hand Shank. 




Fio. 23.— Shank. 




Fig. 24.— Shank with Sling. 

mounted on a carriage, as shown in fig. 25. In this case the shank is filled at 
the cupola, and drawn along the track to the moulding floors, where the metal 
is distributed to the moulders, each man filling his hand shank as required. 
A small type of crane ladle is shown in fig. 26. This type of ladle is useful 
up to a capacity of 10 cwts. ; but for amounts exceeding this, every foundry 
ladle should be fitted with gearing, otherwise unsteady pouring results, and 
accidents are likely to occur. When the catch of fig. 26 is released, the stability 
of the ladle is dependent on the man at the pouring end ; and should he by 
chance lose command, the ladle will invert. The authors have seen disasters 
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due to this cause, and their personal experience is such that they would not 
employ an ungeared crane ladle which has a capacity of more than 10 cwts. 
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Fio. 27.— Geared Ladle. 

Fig. 27 shows a geared ladle which, in capacity, may vary from 10 cwts. 
to 15 tons. The pouring lips shown are now fitted on most of the newer type 
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ladles, and give a much cleaner cast. These ladles are specially applicable to 
cast-iron, brass, or bronze, or to surface-blown Bessemer steel. Open-hearth 
steel is not so fluid as surface-blown steel, and will not, as a rule, admit of 
pouring over the lip of a ladle ; hence bottom pouring ladles are employed for 
this type of steel. A typical bottom-casting ladle, fitted with swan neck and 
stopper, is shown in fig. 28. 

The shells of all ladles or shanks arc built up of mild steel, and internally 
lined with sand, loam, or compo. Loam is the best lining for iron or brass 




Fio. 28.— Bottom Pouring Ladle. 

ladles, and such a lining will give a comparatively long life. Hand shanks are 
lined with red sand, and inverted over a fire to dry. When daubing up a 
ladle, if the shell is not drilled with small vent holes, strings are laid in the 
lining and withdrawn when it stiffens. The whole is thoroughly dried by 
placing a fire on the bottom or suspending a fire-basket from bars laid across 
the top. After drying, any cracks are filled in, the surface blackwashed and 
again dried. The lining must be bone-dry before any metal enters the ladle, 
as even a mere trace of moisture will cause the fluid metal to bubble, and only 
a comparatively small volume of steam is required in order completely to 
eject the contents of the ladle. As a case in point, the authors have a vivid 
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recollection of tapping 25 cwts. of gun-metal into a ladle, which, owing to 
carelessness on the part of the ladle man, had only been partially dried. A 
brilliant pyrotechnic display followed, and the metal Was subsequently recovered 
in the form of fine shot scattered over a large area. Steel-casting ladles, if of 
large size, are lined with fire-brick ; smaller ones are daubed with compo, and 
when of bottom-casting type, the stopper is carefully fitted to the nozzle after 
drying the lining. In exceptional cases, large ladles for oast-iron are lined 
with fire-brick ; but for normal work and capacities up to 5 tons, a sand or 
loam lining is sufficient. In brass-foundry practice the authors have found 
a lining of rock sand very eflicient in ladles up to 10 tons capacity. The 
capacity of any ladle is readily determined as follows : — 

Owing to the taper from top to bottom being uniform, the diameter at the 
centre will represent the mean diameter of the ladle. Diameter squared and 
multiplied by 0*7854, will give the superficial area. This area multiplied by 
the depth of the ladle will give the volume or cubic capacity. This is, 
practically, the method of finding the volume of a casting. Assuming the 
ladle to have a mean diameter of 30 inches, and a depth of 54 inches, its 
cubic capacity will be : — 

Area of Section. x Depth. — Volume. 

(30 ins. X 30 ins. x -7854) x 54 ins. = 706-86 x 54 = 38170*44 cub. ins. 

For the moment, we may take it for granted that : — 

A cubic inch of cast-iron weighs . 0*26 lb. 

Or a cubic inch of steel weighs . . 0*28 „ 

And a cubic inch of gim-metal weighs . . 0*30 „ 

The volume of the ladle multiplied by one of these factors will give the 
weight of metal held by the ladle. Selecting cast-iron, this weight will be : — 

38170 X •26 = 9924*2 lbs., or, roughly, 88 cwts. 

When estimating the capacity of any ladle, the depth should be taken from 
the level of the metal and not from the actual top. 
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MOULDINO-BOXES. 



A MOULDING-BOX is essentially a frame for carrying sand ; its chief requirement 
is therefore rigidity. Such a frame may be readily constructed of timber, a 
method largely followed in the United States, but only to a limited extent in this 
country, and then merely as a temporary expedient. Cast-iron frames, or 
"boxes," are not only more permanent, but, practically, also as cheap ; they are 
readily made in the foundry, and offer all that is required in the way of rigidity. 
The simplest form of a complete moulding-box is represented by a top and 
a bottom part (in American terminology a ** cope " and a " drag "). One of these 

parts is fitted with pins, which 
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Fio, 29. —Bench Moulding Box. 



correspond with guiding holes in 
the other part, thus maintaining 
the two parts always in a relative 
position to each other. In form, 
boxes may be square, rectangular, 
round, or, in certain special cases, 
designed to follow the contour of 
the castings to be moulded in them. 
The sizes vary greatly, and may be 
taken to range from a tiny "jeweller's 
box," three inches square up to any 
extent within the lifting facilities of 
the foundry in which they are 
worked. 

Fig. 29 gives the outlines of a 
simple familiar type of bench mould- 
ing box. In this case the lifting handles are of wrought-iron, bent to shape, and 
cast in the centre of the opposite sides. Apart from the greater convenience of 
these handles, it is evident that a series of boxes, placed one on top of another, 
can be slung in a crane. With snug handles, which are often placed on this 
type of box, lifting by means of crane slings is impossible. Lifting snugs 
are usually |-inch thick by 3 inches wide by 2 inches deep, and are cast in 
the centres of the opposite ends. Lifting handles are formed of |-inch iron, bent 
over, as shown in fig. 29, while the ends projecting into the bosses on the side of 
the box are roughened in order that the metal shall take a better grip. The 
method of mouldingsuch a box, and leavingthe two ends of a handle projecting, so 
that they may be surrounded by fluid metal, will be readily seen in later chapters. 
Pin snugs are, in form, similar to lifting snugs. They are cast on the 
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sides of each box part, and placed about \ inch below the joint. In each box, 
comprising top and bottom part, one set of snugs is drilled to take a box pin, 
and the other set is drilled to pass over the pin. As a rule, pins are fixed in 
the bottom part of each box. Whilst the purpose of a pin is to serve as a 
guide in maintaining the two parts of the box always in the same relative position, 
the style of pins varies greatly. In some cases they simply represent lengths of 
rod iron rivetted into the snugs of the bottom part. This method is bad, inas- 
much as a rivetted pin always works loose in course of time, and its chief function 
that of a true guide is thereby lost. A better 
form of pin is shown in A, fig. 30, in which it will 
be noted the end is reduced and tapped to take a 
nut. The best form of pin is that of B, fig. 30, the 
difference lying in the projecting shoulder giving 
a truer beaming than that of A. The snugs of the 
bottom part are recessed to take this shoulder A B C 

and drilled for the screwed part. A nut readily Pio. 30.— Moulding- Box Pins, 
tightens the pin, which, with the shoulder bearing, 

renders it a perfectly upright and true guide. The snugs of the top part are* 
drilled to slide easily, but yet without play, over the pins of the bottom parts. 
With this type of box, members of each size should be interchangeable ; that is, 
any top part should fit any bottom part of the series, a feature of special moment 
in plate and machine moulding. This uniformity is effected by drilling the 
whole of the snugs to one jig or template. Joint faces should be planed, in 
order that the top parts may lie evenly on the bottom parts without rocking. 
The two pins, A and B, of fig. 30, have cotter holes cut through them. 
This allows the box, when finally closed, to be cottered down, as shown at C 
in fig. 30. Obviously, the two parts of a box wedged together in this manner 

will not readily separate when stressed, 
as in the case when pouring metal 
into a mould ; hence cottering, in many 
cases, dispenses with the necessity of 
C^.^^j^r^^^^f^'^s^ n weighting down the top part. 

-2^^^==^ JLu-'''^ A two-part box offers only one joint, 

and certain castings may require two or 

three joints in order to mould them 

successfuUy. A useful type of box for 

this purpose is shown in fig. 31 ; each 

part has two sets of pin snugs, and, by 

the arrangement shown, any number 

of parts can enter into a whole box. 

Intermediate parts between top and 

bottom are known as " mid parts." 

Usually bench moulding-boxes are made with straight sides, but this need 

not necessarily be the case in boxes which have much handling to stand, as in 

machine-moulding, where cross-bars are not always desirable, the sides of each 

part may be of ^ section. Each part of the box, therefore, has its greatest 

width in the centre, which results, to some extent, in the sand being wedged 
into V grooves, and thereby producing a more rigid mould. 

The dimensions of bench moulding-boxes are naturally determined by the 
class of work to be made in them ; common sizes are 12 inches by 12 inches, 
12 inches by 14 inches, 14 mches by 16 inches, etc. The depth averages 
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about 4 inches each part, but certain patterns may require an 8-inch bottom 
and a 4-inch top, or vice versa. Hence, if the patterns are not of a standard 
character, boxes are temporarily fixed together to serve as a complete box. 
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Floor moulding-boxes range from about 16 inches by 18 inches upwards, and 
the first feature of note lies in the introductffin of cross-bars for the purpose 
of staying the sand. A typical floor box worked by hand is shown in fig. 32. 
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Pins are the same as in smaller boxes, but of heavier build. As the 
bottom part may have to be lifted, but not turned over, the cross-bars are 
placed flatwise, in order to hold the sand in position when the part is lifted 
vertically. On the other hand, the top part has to be lifted off from the 
pattern and turned over ; hence, in order to carry the sand and stand handling, 
the cross-bars must come down nearly to the joint. They are therefore 
placed edgewise. Lifting handles may be of cast-iron, forming part and parcel 
of the box. Such handles, however, are extremely liable to break off, and 
better ones ^re formed by casting pieces of bar-iron into the sides of the box, 
the section round the handle being strengthened by a boss. Bar-iron of from 
1 inch to H inch diameter, and projecting from the boss about 5 inches, is 
most suitable. 

Boxes for hand-working are cast of as light a section as is consistent with 
rigidity, the iisual thickness being |-inch for the sides and J-inch for the 
cross-bars. Actually, the sides will taper from |-inch to J-inch, and the 
cross-bars from ^-inch to |-inch, the latter terminating in a rounded feather 
edge. Weight is of moment when all operations are by hand, as the authors 
have realised by painful experience. Boxes handled by cranes come imder 
another category, for, as a rule, they have much severer conditions to meet. 
Not only are the casting stre^es greater, but the boxes, in course of handling, 
may also be subjected to sudden shock 

or jar ; hence the section of crane boxes (1 fl fl fl 

is always heavier than that demanded by y ^^^^^^ TT""^ ^ 
rigidity alone. 1 f ) ( ] f 1 

Apart from the heavier section, other s ^ ^ TT"^ ^ . 

features of note are found in the replace- 1 f 1 ( 1 f 1 1 

ment of the earlier type of lifting handles / .^.^. ^ — 
by swivels, the ends of which are enlarged \ ( Tl ( ^ ( 1 i 

by a collar to prevent the slings from r — ^ ^^ ' ^^ ^ *^ ' 

slipping. As with handles, these swivels ^-^ ^^ ^ 

are cast in the box, the side of the box II II 

being strengthened, as. in fig. 35, where x / 

the swivels enter. A specially strong type Fio. 33.— Heavy Type of Box. 

of box construction is shown in fig, 33, in 

which a new form of lifting handle will be noted. These handles vary, 
according to the weight of the box, from 1 to 2 inches in diameter; they 
are forged to shape and cast in the side of the box, being strengthened 
in the locality of the handle, as in preceding cases. A similar handle 
will be noted on the box shown in fig. 34, and it will also be noted that 
pin snugs are replaced by a flange running the full length of the joint. 
This box shows a departure from the flat type hitherto considered ; it is 
intended for moulding columns, liners, and articles of similar form. The end 
is flanged similarly to the joint, and recessed in the centre. Thus, if a short 
casting is required from a long pattern, during moulding, the pattern may 
project through the ends of the box, which permits of the use of a short box 
suitable to the casting, and unaffected by the pattern. On the other hand, 
two or more lengths may be bolted together, end on, by means of the flanges 
and bolt holes shown. This permits of some elasticity, and dispenses with the 
necessity of stocking long boxes which may only occasionally be required. 
The joint flanges serve for the box pins, and also for bolting the two parts 
together when finally closed. iWother type of flanged box is shown in fig. 35, 
which has no cross-bars, and is lifted by means of swivels. This, again, 
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represents an " elastic " type of box in that any number of parts may be fitted 
togeUier, a grid or grating being bolted on to the lowest one, and the upper- 
most one surmounted by an ordinary flat top part. The holes shown in the 
sides of the box serve for the introduction of wrought-iron cross-bars, which 
may be arranged to suit the pattern, and be wedged firmly into position. 

Much ingenuity is exercised in jobbing foundries in fitting up stock boxes 




Fio. 84.— Column Box. 

to meet the requirements of a varying class of work. The object of a jobbing 
founder is to make each box serve as wide a range of patterns as possible, in 
order to keep the stock within reasonable limits. One aspect of this is found 
in the built-up box. Thus, if the four plates forming fig. 35 are cast separately 
instead of as a whole, and the comers fitted with flanges for bolting together, 
then, by the introduction of two shorter end plates, a narrower box is obtained. 

Obviously, a series of pairs of plates, 
differing in length and depth, will 
offer any amount of latitude in size. 
An ordinary top part may be formed 
by bolting four plates together for 
the frame, and bolting the necessary 
cross-bars to opposite sides of the 
frame. Bottom parts may be formed 
in a similar manner, or, in certain 
cases, they may be replaced by grids, 
used as in the case of fig. 35. 

This method of bolting up has a 
distinct value, but is only applicable 
to the conditions cited, that is, to 
the jobbing founder, whose work is constantly changing in character. 

Standard patterns are, or should be, made in standard boxes ; in this case 
the keynote of standardisation is found in conformity of box to pattern. 
Circular castings, such as wheels, should be made in round boxes, large 
enough to take the patterns, but small enough to dispense with unnecessary 
ramming. The object of the founder engaged on repetition work, or work of 
standard character, is to produce a mould with the minimian amoimt of 
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labour. The cost of boxes is in this case of less moment than in the case 
of the jobbing founder, for the simple reason that they are continuaUy 
in use, and the economy effected in moulding more tiian covers the cost of 
boxes. 

Owing to the fact that, practically, any form of moulding-box can be 
made, it is impossible to enumerate separately each particular shape in use. 
The following leading examples will, however, serve to show the purpose and 
design of special boxes, and they may be amplified by the reader to suit any 
particular case. Thus, fig. 36 shows an ordinary flat box, with an enlarged 
end for taking the head of a stanchion or other similar article. It also 
illustrates a method of cramping the two half-boxes together by means of 
hooks and eyes. In certain cases, as with columns or stanchions having 
central projections, a box with an enlarged centre may be used. Fig. 37 
shows a flat box, with a cut-out central portion, such as is used for moulding 
flat register fronts. The economy in this case is readily apparent ; for if, in 
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Fio. 36.— Box with Enlarged Ends. 

moulding, the whole of the centre had to be ranimed up, the day's output 
would be seriously curtailed. In fig. 37 the cross-bars come down to within 
I inch of the joint, and the depth is usually about 4 inches for each part. In 
the case of a curved front, as, for example, the familiar tiled stove, the top 
part of the moulding-box follows the contour of the pattern, as in fig. 38, a 
portion of the centre being cut out, as in the preceding case. This form of 
box gives in the top part an equal depth of sand, resulting in the minimum 
amount of ramming, and, owing to the'curvature of the bars, entirely dispens- 
ing with lifters or other auxiliary aids for lifting. 

In certain special cases, moulding-boxes are hinged, and the top, instead of 
being lifted off, is simply turned up and propped in order to draw the pattern 
and finish the mould. The hinges usually take the form of a ball and socket. 
Evidently such a lift will not be vertical — a matter of little moment in flat 
work, but of importance in other classes of work. 

With some classes of work it may be necessary to make the middle part 
of a moulding-box serv^e the purpose of a core-iron, and, in certain cases, this 
method will permit of the use of a green sand core, and the one core-iron can 
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be made to serve any number of cores. Without entering into details of 
moulding, it is somewhat difficult to describe the use of a mid part as a core- 
iron ; however, the sketches shown in fig. 39 will illustrate one application of 
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Fio. 37.— Flat Register Front Box. 




Fig. 38. —Tile Register Front Box. 

this principle. This box was designed to make a series of castings which 
were practically square pipes about 3 feet 6 inches in length, one end of the 
pipe being bent through an angle of about 45°. For reasons which need not 
now be given, the bent portion of the pipe had to be made uppermost. By 
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the usual method of moulding with a dry sand core, fixing and maintaining 
the core in position by means of chaplets would be a matter of some difficulty. 
The box, as shown, removes this difficulty, incidentally reduces risk of wasters, 
and increases the output by 75 per cent. An examination of the details of 
the box will show that the middle part or core-iron consists of two pieces 
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Fig. 39.— Special Box. 

bolted together. The raised end of this middle part has the same width as 
the bottom part, and fits the two side pins shown on the bottom part. The 
actual core-iron enters into the bottom part, the end pins of which serve as 
guides. When the middle part is in position, the top part, which is 
proWded with side handles, fits the four pins of the bottom part, and its upper 
surface is level with the raised end of the middle part. When the box is 
cramped, the middle part cannot possibly move ; and, on cleaning the castings, 
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sand is first removed from the vicinity of the bolt heads, which may then be 
loosened by means of a T-headed key. On removal of the bolts, the halves of 
the middle part may be withdrawn from opposite ends of the casting, and 
bolted together again for further use. 

Before leaving moulding-boxes, some reference is essential to an important 
class known as "Snap-Flasks."- Such a flask is shown in fig. 40. It is built 




Fio. 40.— Suap-Flask. 

of wood, fitted with adjustable pins, hinged to open outwards, and provided 
with locking apparatus, as shown. In reality, a snap-flask is a moulding-box 
so constructed that on completion of the mould it can be removed, leaving 
the mould ready for pouring. Usually these flasks are rectangular in form, 
with flat joints ; but, as with moulding-boxes, there is no limit to shape or 
contour ; round flasks, and flasks having irregular joints, are used when the 
character of the pattern warrants such use. 



CHAPTER VII. 



HANDLING MATERIAL IN THE FOUKDBY. 

From preceding chapters it is fairly obvious that a large amount of material 
has to be handled in the foundry, and, naturally, the better the facilities 
provided for this purpose the greater the output. 

Taking first a light foundry, in which floor boxes are worked by hand, the 
best distributing facilities are found in narrow gauge tramways which admit 
of wide application. Thus they serve the purpose of distributing molten 
metal, moulding-boxes, and facing sand, the removal of castings, and so 
forth. This involves the foundry floor being divided into sections in direct 
connection with the cupolas, trimming shop, sand and box storage. The 
cupola hoists are, in turn, connected with the coke and iron stores. Naturally, 
the track arrangement will vary with the class of 
foundry, but, in general, it shoiUd be so laid out as 
to minimise hand carriage and to divide the floor 
into sections, each of which may be kept to separate 
classes of work. Turn-tables, which may work 
either on rollers or ball-bearings, are provided at 
each junction. Light flat-top trucks are most 
suitable for pig-iron and boxes, whilst tipping-skips 
are used for sand and coke. Molten metal is dis- 
tributed by means of a bogie ladle, the moulders 
collecting from it in hand shanks. 

In certain classes of work, an overhead track, 
w^orking in conjunction with an outside floor track, 
is of advantage. By means of the yard track, 
material is carried just inside the foundry and then 
handled by the overhead runway. In primitive 
form, such a track is found in many foundries, and is represented by a pair 
of sheaves running on either side of a beam. From the sheave a hook is sus- 
pended on which a chain block and tackle are hung. The beam of I-section 
is fixed on the roof girders, and the travelling distance of the sheaves is 
represented by the space between two girders. A type of carriage for such 
a beam is shown in fig. 41. A development of this system consists in 
suspending a track below the roof girders, thereby enabling a much larger 
portion of the floor to be covered, and also serving the purpose of distributing 
metal from the cupolas. A continuous line is thus provided ; this system has 
met with wide adoption in agricultural-implement and stove-grate foundries of 
America. . A suitable roof arrangement is shown in fig. 42. A further 
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Pio. 41. — Sheave Carriage. 
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improvement consists in attaching a pneumatic hoist to the carriage, which is 
connected to an air reservoir by flexible piping. 

There is, however, a limit to the applicability of overhead tracks ; for whilst 
they possess many advantages in a foundry handling uniform, but not heavy, 
loads, they arc certainly not advisable in cases where the loads vary between 
wide extremes, as in the ordinary jobbing or engineering foundry. Here 
cranes are essential. Viewed from a purely foundry point of view, a crane 
should be quick in action, always under perfect control, and give an absolutely 
steady lift. They may be operated by hand, steam, hydraulic, or electric 
power, and vary in capacity from 10 cwts. to 50 tons. Internal foundry 




Fio. 42.— Overhead Trolley Track. 

cranes are confined to the jib and overhead travelling type. Locomotive 
cranes are, in cerUiin cases, used for handling heavy castings, boxes, and molten 
mettvl, but these cases are extremely limited. 

Taken generally, an overhead tmveller is most serviceable for foundry work, 
and it may l)e operated by hand, steam, or electricity, or be driven by means 
of a shaft or n)pe drive. Steaui uiay have advantages in certiiin cases, as, for 
insUiuce, in an outside travelling cnuie ; but, in a foundry, steam travellers are 
always a nuisance. Hand travelling cnmes are also objectionable, and are 
certainly not desirable when the capacity exceeds three tons. Viewed from 
its best side, a hand-power cmne will take eight men fifteen minutes to lift a 
Umd of fifteen tons fifteen feet high. From a practical point of view, a five-ton 
hand tmveller will require three men to openite it, and, when loaded, will take 
a considerable time to travel, a point of special importance in casting, for 



HANDLING MATERIAL IN THE FOUNDRY 



53 



molten metal should be handled quickly. One case within the authors' 
experience is that of a five-ton traveller, operated by four men, taking twenty 
minutes to distribute five tons of molten metal; whereas, under the same 
circumstances, a modem crane operated by one man would do the same work 
in eight minutes. 

Therefore, apart from initial or operating costs, a vital point with all 
foundry cranes is that of convenience, and, if largely used, the cranes must 
actively respond to all demands. This response is obtained in the shaft- 
driven traveller operated by a rope drive. In this the slow and heavy drive 
of the shaft is replaced by a quick running rope, the crane being actuated 
from a cage by means of open and crossed belts. The introduction of the 
transmission of electric power has yielded a type of foundry crane exceedingly 
satisfactory from the two-fold point of view of use and operating cost. A 
modem electrically operated crane is capable of quick and steady work. 
Hoisting or lowering can be performed with an absolute absence of jerkiness, 
which is an essential feature in either drawing a pattern or closing a mould. 
The authors have found cranes like that shown in fig. 43, and manufatetured 
by Messrs. Broadbent & Sons of Huddersfield, to be extremely serviceable in 
foundry work. This crane is of the four-motor type, has a maximum capacity 
of 20 tons, and is provided with an auxiliary 5-ton hoist. The working speeds 
are as follows : — 



Motion. 



Main hoist (20 tons), 
Auxiliary hoist (5 tons), 
Longituainal travel, . 
Cross travel, 



Feet per 
Minute. 



8 

30 

200 

100 



B.H.P. of 
Motor. 



15 

16 

15 

5 



Speed of 
Motor. 



Rating of 
Motor. 



500 
500 
500 
500 



30 mins. 
30 „ 
30 „ 
30 „ 



Lighter loads are lifted and moved at quicker speeds without change of 
gear. The maximum capacity of a travelling crane should be such as amply 
to cover the heaviest work made under it ; but in the majority of cases much 
of the work will, in comparison with the maximum, be of a light character. 
Hence, any traveller exceeding 20 tons total capacity should be provided with 
an auxiliary hoist in order to cater more efficiently for the lighter work. 
Whether this combination will effectually supply all requirements depends on 
the number of moulders working in the bay traversed by the crane. Often in 
closing a large mould the traveller may be tied up for several hours, and this 
will, of course, retard the progress of work on other parts of the floor. Diffi- 
culties of this character may be overcome by having two travellers running on 
the one set of rails. However, the authors prefer supplementing the over- 
head traveller by means of jib cranes fixed to the wall columns. An ideal 
arrangement is a foundry equipped with one traveller running the full length 
of each bay and capable of handling the heaviest loads dealt with ; while to 
facilitate routine work, jib cranes are arranged below the traveller to cover 
practically the greater part of the moulding floor; these, by providing for 
all the lighter lifts, contribute largely to continuous work. Jib cranes also 
serve the purpose, when required, of connecting different bays of a foundry, 
as by their means loads may be passed from one traveller to another. This 
is a better plan than lowering the load on to a truck in one bay and running 
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it through into the other bay in order to come within reach of the second 
traveller. The motive power for these cranes may be hand, electric, or 
hydraulic, the last being most suitable. The authors have found hydraulic 




cranes, such a« those shown in figs. 44 and 45, manufactured by Messrs. 
Glenfield *k Kennedy, of high service in the direction indicated. Fig. 44 
gives the details of a 5-ton hydraulic crane by this firm. This type of 
crane takes up very little floor space, the pillar being carried from one of the 
shop columns, and the jib placed at a sufliciont height to suit the class of work 
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being made. The lifting cylinder is shown bolted to the front of a column. 
The burden chain has one end fixed to the cylinder, then passes over the 
various pulleys on the ram head and cylinder cover up to the guide pulleys on 
the jib and along to the hook block, the other end of the chain being fixed at 
the point of the jib. Turning or slewing is also effected by means of hydraulic 
power. For this purpose there are two cylinders, one for turning in either 
direction. One of these cylinders is shown bolted to the side of the column, and 




44. — 6-ton Hydraulic Jib Crane. 



the rams in this instance are inverted, working towards the floor. One end of 
the slewing chain is fixed to the cylinder, then passes over the pulley on the 
ram head and cylinder cover. The other end is secured to the slewing drum 
shown roimd the mast above the bottom pivot bracket. Racking out and in 
of the load is in this crane effected by hand power. The bogie runs on four 
rollers along the jib, and the bogie frame carries two guide pulleys for the 
burden chain. The hook block consists of heavy cheek blocks to overcome 
the weight of the chain when lowering empty. Ball-bearings are arranged 
under the neck of the hook, so that the load can be easily turned round. The 
valves for lifting and slewing the load may l)e fixed at any desired place 
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convenient for working, pipes being led from the valves to the various 
cylinders. 

Fig. 45 shows another type of crane by Messrs. Glenfield & Kennedy, in 
which all motions, lifting, slewing, and racking, are performed by hydraulic 
power. This type is suitable for shops having no great head room or height, 
and is shown bolted to a wall. The cylinders are fixed to the crane structure, 
and revolve with it. The valves are arranged on a platform under the strut 




Fig. 46. — Hydraulic Jib Crane. 

of the jib, so that the operator has full view of the load being manipulated. 
When there is a space available between the crane and the wall, the valve 
platform may be placed behind the mast, thus leaving all the floor area under 
the jib clear for working purposes. The lifting cylindjer is placed between the 
mast uprights, the slewing cylinder behind the mast, and the racking cylinders 
along the jib. Supply water is led into the crane through the top pivot pin, 
and exhaust water is taken back to a return main through the same pin. 

Whilst cranes have, as a rule, to be taken as they stand, and the foundry- 
man must of necessity yield to the engineer, such is not the case with tackle 
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employed for slinging a load. In considering lifting, apart from the weight 
handled, the first essential is always that of obtaining a true balance. A 
complete mould is not necessarily an evenly balanced structure, and its centre 
of form may not be the centre of gravity. Obviously, moulds of irregular 
contour require very careful slinging during carriage to or from the drying 
stoves or when otherwise handled. 

A common type of chain sling has a ring in the centre which passes over 
the crane hook, and two chains attached terminating in hooks at each end. 
In lifting an evenly balanced mould, the two hooks may be passed over the 
central trunnions or on two diagonal handles. In other cases, the chains may 
be passed round the handles and the hooks caught in the crane ring, thus 
forming a loop. Such a sling does not permit of ready adjustment in its two 
members. To some extent one chain can be shortened by twisting or insert- 
ing sprigs between the links; methods which are, however, dangerous and 
inadvisable. Another type of chain sling consists of a chain with larger 
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Fig. 46. — Lifting Beam and Sheave, 



Fio. 47.— Solid Sling. 



intermediate links, through which the end hook may be passed, thereby 
permitting of loops of various lengths being formed. However, the best 
sling is formed of a chain of equal links, but terminating in claw hooks (see 
fig. 48). These hooks readily grip any link, and offer very fine adjustment. 
In lifting, the chains are passed round the box handles and hooked on to equal 
links. A slight pull on the chain will readily show whether the balance is 
correct or not. If correct, both chains will be equally tight ; if not, the pull 
is released and the slack chain adjusted until a balance is attained. These 
slings are made in various sizes, and the capacity of each size should be marked 
on the hook or ring. In many cases, as in turning over boxes, lifting castings 
from a mould, and so forth, it is difficult to estimate the stress put on a chain ; 
hence it is important to allow a wide margin of safety. 

Above a certain size, chain slings will not span the box, and, further, it is 
often desirable that the slings should be vertical. This introduces the lifting 
beam, of which a very useful form is shown in fig. 46. Chain slings may be 
used on this beam by passing the top ring into any one of the V notches. When 
a mould has to be turned over, two slings of the type shown in fig. 47 may be 
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placed in notches equidistant from the centre. With these slings only one 
part can be turned over ; hence their use is limited. The endless chain and 
pulley shown on the beam in fig. 46 permit a full mould being turned over 
whilst suspended. When three box parts form a mould, the chains are passed 
over the two lower trunnions only, the mould is hoisted clear, and the whole 
turned over. With care, little or no jerking occurs in turning over, and 
slings of this type are of high utility in many foundty operations. The beam 




Fio. 48.— Heavy Lifting Beam. 

shown is preferably formed of mild steel or wrought-iron. Cast-iron and 
wooden beams arc sometimes used, but are not very reliable. 

A type of beam used in handling loam moulds is shown in fig. 48. This 
is readily formed by planing off the two projecting flanges on one side of a 
mild steel girder of I-section. Two lengths of from 6 to 12 feet, according 
to likely requirements, so treated, give ] [-sections, which, bolted together, 
give a double thickness in the centre and form a strong beam. Lifting 
shackles are fitted as shown in fig. 48, and two wooden battens fixed on the 
upper surface at either end. Chain slings fitted with claw hooks are used 
with this beam and passed over the battens on which they grip. The degree 
of adjustment offered is foimd in each chain member by means of the claw 
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hooks and in tho freedom of movement of the slings themselves to or from the 
centre of the beam. The slings being vertical do not catch tho sides of the mould, 
and the adjustment offered allows an evenly balanced lift irrespective of the 
distribution of the load. By means of this beam, practically any form of loam 
mould can be handled, provided care is used in slinging it. Fig. 48 shows 
the method of suspending a load. In certain cases, beams in the form of a 
cross are employed. In construction these are similar to the one described, 
but have four shackles instead of two. In the case of a lifting cross, shackles 
are far better than a central eyebolt. Crosses are, however, not very largely 
used. 

When handling large cores or drawbacks of irregular form, an adjustable 
sling is useful. These slings are composed of three chains attached to a 
central ring for passing over the crane hook, and fitted with 
ordinary hooks at each end. A shackle in the centre of each 
chain is provided with right-and-left-hand screws, and the 
chain can therefore be lengthened or shortened by means 
of the shackle. A sling of this description permits of adjust- 
ment without releasing the load. When a load has to be 
passed from one crane to another, a change hook, as shown p|Q 49. —Change 
in fig, 49, is used on the crane hooks. The applicability of Hook, 

'such a hook is apparent, and, by its aid, ladles, etc., may 
be passed from one crane to another without being set down on the floor. 

All chains in foimdry practice are subject to very severe service, and 
therefore require frequent examination. Owing to the dusty atmosphere, the 
wear is relatively rapid, and working temperatures vary within wide degrees. 
Further, chains are often subjected to very severe stresses ; as, for example, 
when hauling out a casting from a pit, and they are often permanently 
deformed by such treatment. The danger is that after such deformation one 
or more of the links of the chain are liable to fracture under a comparatively 
low load. Without quoting the hackneyed " weakest link," frequent inspection 
of chains is obviously demanded. This inspection should be more stringent 
in frosty weather, or when the chains are used on hot castings. In addition to 
inspection for apparent flaws, a good rule is to anneal the chains at least once 
a year. 





CHAPTER Vlll. 
OPEN SAND MOULDINa. 

As indicated by the name, an open mould represents one which has the upper 
face uncovered, and can therefore only be followed when the top surfaces are 
horizontal. This method is largely employed for making boxes, foundry tackle, 
floor plates, and the like, where one rough surface is immaterial. Patterns 
may be provided, but in the majority of cases the moulds are made up to size 
by means of straight edges and templets. Fig. 50 shows the pattern of a* 
furnace top IJ inch in thickness. In making the mould, part of the floor is 

dug over and riddled to a 
depth of 4 inches. The pat- 
tern is then bedded down 
until its upper surface is level 
and the under layer of sand 
uniformly solid. The top 
surface must be level, other- 
Fio. 50.— Flat Plate. wise the castmg will vary in 

thickness ; hence a spirit level 
must be used in bedding down. When level, a weight is placed on the pattern 
to prevent it moving, and sand firmly tucked round the edges. The surplus 
sand is strickled off to bring it level with the top of the pattern, and then 
smoothed over with a trowel. A small basin or " runner " is formed at one 
end, and a channel J inch deep cut at the other. The pattern is then drawn 
and the mould ready for casting. The bottom of the runner is level with the 
top of the pattern, and fluid metal poured into it runs over into the mould, 
filling it, until at a height of 1 inch it flows out at the channel already 
mentioned, when pouring is at once stopped. 

All open sand moulds are made thicker than the desired castings, and over- 
flow channels are cut to bring the mould to the required depth. These 
channels at once indicate when suflicient metal has been poured in. If the 
mould had to be filled right to the top, it would be almost an impossibility not to 
overrun the edges, which in the cold casting would leave fins to be broken off. 
The provision of a run-off at once secures the right depth and a casting with 
clean top edges. 

The foregoing method has been given, because it is often followed ; but it 
is evident that by this method every separate mould has to be levelled by a 
spirit level. When more than one casting is required, this is ob\4ated by 
" striking '' a level bed, the surface of which will form the bottom of the mould. 
Such a bed is formed as follows : — 
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Two straight edges form its outside boundaries, and must be set absolutely 
level themselves and with each other. In the direction of its length each 
straight edge is set by placing the spirit level directly on it. The two straight 
edges are set to each other by using a third straight edge placed across them, 
and noting the indications of a spirit level placed in the centre of the trans- 
verse straight edge. As will be readily seen, if a large bed is being formed, 
this is a matter involving two pairs of hands and some little practice. The 
two straight edges set, they are then rammed firmly in position. The sand 
between the straight edges is passed through a |-inch riddle, distributed 
equally and lightly rammed. Ramming should be light and uniform, the 
object being to obtain a comp6u;t but not hard mass. The ramming will vary 
according to the character of the castings to be made on the bed. If simply 
light thin plates, a suitable bed may be obtained by treading the sand. On 
the other hand, if the castings are heavy, the bed should be rammed by the 
pegging rammer. This is most effectively done by ramming one course about 3 
inches below the level of the straight edges, and a second course slightly above 
their level. The surplus sand is strickled off down to the level of the straight 
edges. A layer of sand, about J inch in depth, is riddled over the surface, 

^-jlfetfali^ ^ ~ 




V^mm^^fmPr. 7 \,i'h .M iimimmmii'UL'x- \ ^ 



^^/W^f^'l^ 



Fio. 51 . —Mould for Flat Plate. 

pressed down by a straight edge and strickled off. This should give a level 
bed of good surface. With a pattern such as already described, all that is 
necessary is to lay the pattern flat down, make up the edges with sand, and 
provide a runner and flow off. A series of moulds can be made on one bed, 
but they must be placed so far apart that the sand forming the sides shall not 
be carried away by the wash of the metal. These sand walls separating one 
mould from another may be strengthened by laying on small weights, the 
object of such weights being to prevent a side wash and not an upward lift. 
One complete mould is shown in fig. 51. 

A bed such as described is, for the most part, used for making up tackle, 
in which case patterns are not provided. Thus, an ordinary building plate is 
made by preparing the bed as l)efore, and marking the outline of the plate on 
the level surface. Such plates vary from 2 to 3 inches in thickness, and the 
other dimensions vary according to the class of work. A usual type, with four 
lifting snugs and central cross cored out, is shown in fig. 52. In making it up, 
two central lines at right angles to each other are marked on the bed. The 
outlines of the central opening are then marked out, the core formed by 
holding blocks of wood in position and ramming sand in the space so formed. 
If a 2-inch plate is being made, these blocks should be 3 inches thick and the 
sand rammed to the top. Two such blocks are held on each side of the out- 
line, and the sand between loosened by a trowel, in order that the core shall have 



62 



GENERAL FOUNDRY PRACTICE 



a better grip ; handfuls of riddled sand are then placed between the blocks and 
firmly tucked in. Stability is further increased by pushing in sprigs, about 
6 inches in length. The top of the sand is brought to the same level as the 
blocks, which are then moved down until the whole of the outline has been 
followed. Square comers are cut off with a trowel, in order to obtain the 
rounded form shown. Four lines are then drawn by setting a straight edge 
parallel to each central line, to form the outside of the plate. The snugs are 
marked out, and should be so placed that two diagonal ones will give an 
approximate balance to the plate when lifted. The outline is then made up, 
as in the case of the core, by holding a block of wood in position and ramming 
sand to it. Junctions between snug and plate are rounded off by hand. Two 
runners are made on the joint, as shown in fig. 52 ; and, before casting, the 
central core is further steadied by placing weights on it. The foregoing 
represents a simple case of moidding without patterns. Roimd plates are 
marked out by means of trammels, a small block of wood being set in the bed 
to serve as a centre, and from it a circle is described of the required diameter. 




Pio. 62.— Mould for Building Plate. 

For making up, a block of wood may be cut of the requisite curvature, or, 
as is more usually the case, the moulder bends a piece of sheet iron to serve 
as a segment, and uses it as a guide to make up the sand. Building rings are 
made in the same way, except that in this case two circles are struck, giving 
internal and external diameters. The inner and outer circles are made up 
with sand, as before. When these rings are required in halves, they are split 
across the diameter by inserting two iron plates in the mould, which is then 
poured as two separate castings. Plates \ inch in thickness are effective. 
They are cleaned and rubl)ed with dry plumbago, and bedded in the mould so 
as effectually to isolate the two halves. 

When several plates are required of the same size, they can l>e cast in one 
mould, as follows : — The sides of the mould and any cores are made up to a 
greater depth than the thickness of the total number of plates required. The 
first plate is jwured, care being taken not to exceed the required depth. The 
surface is covered by a layer of parting sand, and the plate allowed to solidify. 
When solid, the second plate is poured, and so on. When cold, the separate 
plates are easily parted from one another, and, although their surfaces are 
rough, the plates make very serviceable building plates, and, moreover, 
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are very quickly made. It may be well to note that plates made in this 
manner seldom exceed one inch in thickness. 

Obviously, by the use of straight edge and trammel, quite a variety of 
shapes can be readily marked out on the bed, and such shapes can be readily 
made up by using strips of the required contour to follow the outline 
marked. 

A method introducing another principle is found in making core gratings 
from a combination of wrought- and cast-iron. This subject really belongs to 
core-making, but the method may be illustrated in the case of a fire-basket. 
These baskets may be round or rectangular ; taking the latter form, a frame 
is made up, as shown in fig. 53, J-inch nail rod (a variety of cheap wrought-iron 
largely used in foundries) cut to the required length, is spaced 1| inch apart, 
as shown. On casting this frame the rods are firmly fixed; a second and 
similar mould is made, the first casting inverted, and the free ends of the rods 
placed in the mould. Two eyes are sunk in the sand, with ends projecting. 
On pouring in metal, the rods and eyes are fixed, and the complete casting 




Fio. 63.— Mould for Fire-Basket. 

presents the appearance shown in fig. 54. A series of loose bars laid across 
the bottom at once gives a convenient and portable fire grate. 

Further examples of open sand work are found in making moulding-boxes. 
In this case a full pattern may be provided, or simply an outer frame. As- 
suming a complete pattern is at hand, the first step is to dig a trench and set 
the pattern level. It is then weighted to prevent displacement, and is ready 
for ramming up, an operation requiring care. All moulding-boxes are cast 
joint-side down. Thus, in the case of a top part, the cross-bars do not reach 
so far down as the outer frame. Sand must be carefully tucked under the 
outer frame and the cross-bars, and the best tools for this purpose are the 
fingers. Any soft places will result in swelling, and if these are on the joint 
their removal is necessary before the halves of a complete box will lie 
truly. Given a pattern set perfectly level, and the sand solid below the joint 
edges and bottom of the cross-bars, the whole of the inside may be rammed 
up. Floor sivnd passed through a quarter riddle is sufficient, and in ramming, 
the pegging rammer alone is used. 

Ramming is not mere sand pounding, but rather an operation requiring 
skill and judgment. The ideal is to compress the sand into a compact but 
not hard mass. Ignoring other conditions, it will be seen that if the sand 
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between the cross bars is rammed into a dense hard mass, the pattern cannot 
be removed without doing considerable damage to the mould. On the other 
hand, if the sand is not rammed compact, the casting will swell ; in other words, 
there will be a lump on the casting corresponding to every soft place in the 
mould. Uniformity is best obtained by lightly ramming thin layers of sand 
between each bar. This is continued until the sand is level with the top ; 
it is then strickled off and smoothed over with a trowel. The pattern is then 
tapped all round the outside with a mallet, in order to loosen it and facilitate 
its later removal. The outside now remains to be rammed, and provision 
made for the lifting handles and pin snugs. The position of the pin snugs is 
marked on the pattern, and is usually slightly above the joint. Sand is 
levelled off to the lower mark, and a loose snug pattern laid on. Sand is 
rammed flush with the top, and the whole levelled off for 2 inches round 
the snug, which is then withdrawn. On this level joint a piece of flat core 




Fig. 64.— Fire-Basket. 

is laid butting clase up to the pattern. Instead of a core, a piece of flat cast- 
iron, daubed with oil and sprinkled with parting sand, may be used. The 
object of this covering is evident, and the ramming is continued above it until 
the top is reached. The whole of the snugs are formed, and the two sides 
rammed up. The position of the handles is marked on each end of the box. 
Occasionally, box handles are of cast-iron ; in this case a round bush, 8 inches 
long, is rammed up with sand, and a peg 1 inch in diameter driven down its 
centre to a distance of 5 inches. On withdrawing the peg, the sand ro\md 
the top of the hole is sleeked away in order to fonn a fillet. The bush is 
then laid in position flush against the pattern. Two conditions are of 
moment: (1) in making the core for the handle the peg must be driven in 
straight, and parallel with the sides of the bush ; (2) the bush must be placed 
horizontal, and true to mark, otherwise the handles will be askew. 

Cast-iron handles are not safe for heavy boxes, and a piece of round bar 
iron is far more effective. In this case cores are made to give an increased 
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thickness on the side of the box, and a boss of metal to surround the handle. 
The core shown in fig. 55 is placed in position, and a piece of bar iron 1 inch 
in diameter by 6 inches long is pushed through the round hole. 

Handle cores are rammed up t\4th the two ends, the whole is strickled off 
level with the top, and the pattern is ready for drawing. All loose sand is 
swept off with a dry brush, and the surface of the sand slightly moistened by 
sprinkling water with a "water brush." It will be remembered that the 
inside has already been loosened somewhat. Further loosening is effected by 
jarring the four lifting pegs shown on the pattern, and tapping the sides. 
The pattern must be drawn perfectly level, and, according to its size, will 
require from one to four men. Dunng dniwing, the box is continually tapped 




Fio. 55 —Mould for Box. 



by a boy on either side ; and if the ramming has been properly done, this 
jarring, assisted by the taper of sides and cross-bars, will result in a clean lift 
without starting any of the sand. All Iwxsened sand is replaced, using a strip 
of wood as guide, and smoothing down with a trowel. 

Handles and snugs are already provided for, and, after the loosened sand 
has been all replaced, the mould is ready for casting. Two nmner bushes are 
placed over two opposite comers, weights are placed on the sand between the 
cross-bars to prevent a side wash, and over snug and handle cores to prevent 
an upward lift. The mould is mtide J -inch deeper than required, and a flow- 
off cut to this depth indicates when the right height of metal has been 
obtained, and gives a clean top by preventing an overflow. 

Practically, the foregoing applies to any box having a horizontal top 
surface. Bottom parts are made similarly, except that the cross-bars are 
placed flat instead of crosswise. If trunnions are required, they are formed 
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in cores, as in the case of handles. If flanges replace snugs, the flange is 
moulded precisely as a snug, but the bearing for the covering core is carried 
further back. 

Middle parts are often nuuie with an inner projecting strip. On the 
pattern this strip is loose, the inside is rammed up first, the pattern drawn, 
and the strips removed by drawing them outwards. The pattern is then 
replaced and the outside rammed up. 

A full pattern is not always provided. Often an outer frame serves for 
top and bottom parts. In this case two loose cross-bars are made, and, after 
levelling the outer frame, the inside is formed by placing the loose bars in 
position and ramming them up. The first bar is drawn, set in its next 
position, rammed, and the process continued until the inside is completed. 
As in all moulding operations, it will be seen that a ceftain elasticity is per- 
missible. From an outer frame with guide strips for cross-bars, any type of 
box can be formed. In certain cases where the top surface is not a horizontal 
one, ^r where flanges and inner strips are required, as in a middle part, on 
both joints, open sand moulding cannot be followed. 



CHAPTER IX. 
OOBES. 

CoRBS are employed to cut out metal, as in the boss of a wheel ; or to form 
the internal portion of a cjasting, as in a valve body. In character they vary 
infinitely, and may be of such a nature that a young boy will produce hundreds 
in a day ; or, on the other hand, so intricate that a skilled man will require 
days of hard work to produce one. 

The inherent requirements of cores are similar to those of moiilds, »,«., the 
core must resist the washing action of a stream of metal ; it must admit of 
the free escape of gases, and impart to the interior of the casting the required 
contour. These determining conditions are, however, intensified by the fact 
that cores are often almost wholly surrounded by molten metal, and therefore 
offer more difficulty in the way of providing an escape for gases. For this 
reason, and also to secure stability in handling, the majority of cores are dried 
before they are fixed in the moiilds. 

Cores may be made from tubes, the internal diameter of which corresponds 
to that required in the core. Such tubes are serviceable for odd sizes, and 
the authors have found simple sheet-iron tubes made by a tinsmith, and 
ranging in diameter from 3 to 12 inches, of use when standard core boxes 
could not readily be obtained. Generally, boxes built of wood are employed, 
and for round or square cores a series of standard sizes should be stocked. 
Three simple core boxes are shown in fig. 56 ; it will be noted that B and C 
are fitted with pins, which serve the same purpose as the pins in a moulding- 
box, viz., that of ensuring the two halves always being in the same relative 
position to each other. A in fig. 56 represents a type of box for making flat 
cores ; the box is laid on a flat plate, and core sand rammed flush with the top, 
which is then strickled off and smoothed with a trowel. The hole shown in 
the side is for the purpose of venting, and a vent wire may be placed through 
the box before ramming the sand, or, as an alternative, the vent >*ire may be 
pushed through after ramming. In the latter case, the trowel blade, or a flat 
plate, is laid on the sand to prevent it starting upwards. Flat boxes of this 
character are largely used for rectangular cores. Boxes such as B and C, if 
of short length, are held together by one hand, and rammed and vented with 
the other. The halves are then separated, and the core laid on a plate, which, 
when filled, is transferred to the drying stove. 

Long cores require strengthening by the insertion of a piece of wire or 
iron rod. Such cores, when of small diameter, are made by packing sand in 
the two halves of the box and strickling both level. On one half of the core 
a stifibning wire is placed, and parallel Mith it a vent wire is laid, the sand of 
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both halves is clay washed, the two half boxes brought together, tapped, and 
the vent wire withdrawn. The purpose of claywash is to stick the halves 
together, and, when using it, a thin coating do>^Ti the centre will be sufficient. 
Should claywash get near the outer edge of the core, it is liable to make the 
sand "clag" or stick to the core box, resulting in a rough core. Claywash 
may be replaced by blacking, plumbago, core gum, or flour ; any one of these 
substances, when mixed with water, will successfully stick portions of cores 
together. However, claywash will be found the cheapest, and, on the whole, 
the most efficient. 

Long cores of large diameter are made by fastening the two half boxes 
together by means of cramps or dogs driven into the sides, placing an iron or 
piece of wire in the centre, and ramming sand round it until the requisite 
height is obtained. The core is then vented by means of a vent wire. The 





Fic. 66. — Three Simple Core Boxes. 

object in pasting a core of small diameter is simply to get a straight vent. 
This may be readily appreciated by trying to pierce a core J-ineh diameter by 12 
inches long ; the chances are that the vent wire will Ik? sent into the box ; 
hence the reason for laying the wire in and pjisting. In a larger core this 
difficulty vanishes, and it is fairly easy to drive the wire straight through the 
core. Straight cores are e^isily vented by either of the methods given ; but 
when the cores take a curved fonii, the difficulties of free venting increase with 
the curvature. In a slightly curxed core, a single string vent may be used, 
and, when drawn from one end of the core box, will follow the bend of the 
core without breaking through. An ellx)w core, the half Ih)x of which is 
shown in fig. 57, should be vented by means of two strings so laid that their 
ends slightly overlap at the bent portion. These strings admit of withdrawal 
from each end of the core, thereby leaving two straight passages, which, meet- 
ing at the bend, give a continuous passage through the core. Elbow cores 
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exceeding 3 inches in diameter are most effectively vented by means of an 
"ash vent." To form this, the two halves of the core box are rammed up as 
usual, and a strengthening iron, bent to the required contour, is bedded in 
one half. Alongside this iron a channel is cut out, and loosely filled in with 
small coke, about the size of a pea, but sieved free from dust or fine dirt. 
The .halves are pasted and closed as usual; after drying the core, such a 
vent will otter a most effbctive route for the egress of gases. When the 
diameter of the cores is sufficiently large, ash vents are not only the most 
convenient, but also the most effective, and, no matter what the shape of the 
core, channels can be readily cut to follow its windings. Ash vents cannot 
be applied to cores of small diameters ; strings must be used for these. In 
the case of very small cores, as, for example, an elbow of the form shown in 
fig. 57, but only ^ inch in diameter, a string vent would be difficult to 
manipulate. A material is therefore required which may be made up with 
the core, and will, on drying, " char, " thereby leaving a passage through. 
Strands of cotton soaked in tallow were used for this purpose ; but of late 
years " wax wire vents " have been introduced, and serve the purpose better. 
These vents are flexible, and will readily bend to follow the contour of any 
core they are bedded in ; on subsequent drying, they melt, and the liquefied 
wax is absorbed by the core, 
thus leaving a clear channel. 
In diameter, wax vents may 
be obtained from one-sixteenth 
of an inch upwards, and are 
therefore suitable for a variety 
of intricate cores. 

Green cores are fairly 
tender, and will not admit 
of much handling until dried. 
A core of simple form may be 
turned out of the half box on 
to the hand, and then laid 

on a plate for drying. When the core cannot be handled, it is removed from 
the box by bedding it on to a sand bed. Thus, on removing the top half of 
the core box, a sprinkling of parting sand is thrown over the core, and 
a layer of floor sand riddled on until a level bed is obtained. A plate is 
then bedded on, and the whole turned over and the second half of the core 
box removed. The core remains sitting in a sand bed, and need not be 
disturbed until the whole is dry ; it can then be handled. In certain cases the 
sand bed may be replaced by a wooden cradle, the core being subsequently 
removed from the cradle, by means of clips, on to a drying-plate. 

So far, core boxes have been considered as consisting of two parts only, 
but, under certain conditions, the boxes may require dividing into three or 
more parts, in order to make the required core successfully. The joint 
between the boxes B and C, fig. 56, is such that when one half is lifted 
vertically it clears the core, and does not catch or tear the sand ; but when 
seats or fitting strips are added to a core box, these would, if lifted vertically, 
undercut or tear away the sand. Such pieces are therefore attached to the 
core box as " loose pieces," so that, on removing the main portion of the box, 
they remain in the core, and may be drawn away in a horizontal or other 
direction which will not tear the sand. As an example, the case of a round 
core in which a series of longitudinal strips are required may be selected. 




Elbow Core Box. 
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Reference to fig. 58 will at once show that a vertical lift would tear away 
certain portions of the sand. Therefore, the core box is so constructed that, 
on removing each half, the strips remain in the sand and can be removed 
laterally. In order to keep the strips in place, they may be fitted on to the 
main box with pins, which are removed during the process of ramming ; or 
the strips may be jointed into the lx)x in such a manner that they readily 
fall out on a straight lift. This method of loose pieces is applied to core 
boxes for asliestos-packed cocks. The strips formhig recesses on the barrel 
of the core are fitted loosely in order to permit of removal after the main part of 
the l)ox is lifted away. The core box for a two-way cock is divided across the 
barrel ; but, in the case of a throe- or four- way cock, division of the box across 
the barrel of the core would l)o attended with difficulties; hence a division 
is made across the diameter of the " ways." In order to get a clean parting 
on the barrel, this portion of the box is divided into segments. Thus, looking 
on the top of a half l)ox, fig. 59, the segments indicated by lines remain in 
position on lifting the main part of the box, and are afterwards removed by 
drawing them out in a horizontal direction. The whole is bedded on a plate 





Fio. 58.— Core Box with Fitting Stri|)8. 



Fig. 69.— Core Box for 4-way Cock. 



with floor sand, turned over, and the process repeated for the second half. 
Such a l)ox would, then»fore, consist of ten pieces ; and a limit for the sub- 
division of core l>oxes is only found when the loose pieces cannot be held 
together for ramming. When this limit is reiuihed, the core is made in 
separate portions, and fitted together in the mould. This method often 
involves that each separate piece of the core be held in position by means of 
a chaplet. Whilst chaplet« are very necessary in many cases, it is none the 
less a fact that, when they can be safely dispensed with, l)etter results follow. 
To some extent, this may be achieved by constructing core boxes in such a 
manner that when the various pieces come to be fitted together in the mould 
they all have a direct l)earing in the main core. For example, if a body core 
hj\8 a series of branches bending fn)m it, a corresponding series of pockets in 
the l)ody core will offer a means of fixing one end of the branch cores, the 
other end lK»ing carried by a pocket in the mould. Such pockets are termed 
** core prints,'* and their use is shown in Chapter XIII. 

On the other hand, separate pieces of a core may he pasted together 
bt^fore placing in the mould as a complete core. This method often reduces 
an intricate core to a series of simple ones, and, further, the fact of the core 
entering the mould as a complete one may to some extent dispense with the 
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use of chaplets. Pasting mediums have already been given, and clay wash 
indicated as the best for sticking the halves of a green core together. 
When pasting a series of dried cores together, core gum, boiled in water, will 
be found the most efficient. 

Fig. 60 shows a type of core usually employed to form the interior of a 
valve body. This is made in two portions, and* a bearing is made at X, 
which is, however, insufficient for keeping the core in position, owing to the 
thickness of metal between the two cores forming the valve seat. Hence, 
used in this way, a chaplet is required to prevent the top portion of the core 
floating from its seat. If the two portions could be stuck firmly together, 
not only could the chaplet be dispensed with, but a joint is also saved in 
making the mould. Fig. 61 shows one method of attaining this result, and 
it will be noted that the core is made in three portions. This requires a box 
for the main core, including the seat, and boxes for the smaller pieces which 




Fio. 60. —Valve Core. 



complete the inlet and outlet portions of the valve. The pieces are dried 
separately, and, before pasting, a channel is scraped down the centre to form 
a vent. This method simplifies core-making and moulding, and readily lends 
itself to a large output. 

After drying, all cores are coated with black-wash or plumbago. Blacken- 
ing is usual for cast-iron and brass. Owing to the greater searching action of 
bronze and gun-metal and the higher casting temperature of molten steel, 
plumbago gives better results, i.e, cleaner skins. Small cores may be held 
between the thumb and forefinger, so as to close up the vent hole, and dipped 
bodily into the black-wash ; large cores are painted by means of a swab or 
brush. 

Core irons are used for the purpose of strengthening the sand of a core, 
and, naturally, vary in size and character with the size and form of the core. 
They may, therefore, vary from wire one-sixteenth of an inch in diameter to 
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round or square rod of comparatively large size. Further, large cores may 
require strengthening by the insertion of several irons. When possible, rod is 
always used, because it can be readily cut to size and bent to the required 
shape. These rods are returned from the trimming shop, and may be 
repeatedly used. 

An iron, when bent to follow the outline of a core, should be free from 




Fig. 61.— Valve Core. 

" spring " ; this is of special importance in the case of wire for small cores, as 
otherwise the object of the strengthening wire will be lost. Examples of the 
use of core irons are shown in fig. 62 ; it will be noted that branches are 
attached to the main core by bending an iron to follow the shape, as in the T 
and Y cores. A core with two branches, as in the cross, has two irons laid in 
at right angles to each other. In fixing core irons, not only must they be 
bent to shape without springing, but they must also be bedded solidly in the 





Fig. 62.— Use of Core Irons. 

sand of the core. Hence, where two rods overlap, as in the cross, it is usual 
to bed one rod in each half of the core box. Obviously, above a certain weight 
loose rods will not sustain a core and its branches. For stfibility, the core 
iron must then be in one piece, and such pieces are most conveniently made of 
cast-iron on the open sand bed. With cores up to 3 inches in diameter, an iron 
such as A in fig. 63 is suflicient ; but with larger cores projections are formed, 
as shown in B and C. The method of moulding these irons has been sketched 



CORES 



73 



in the previous chapter ; it consists in marking the required outline on a level 
bed, and cutting channels to suit the outline. In the case of standard core 
irons, a pattern may be made and stamped in the bed. This saves marking 
out ; or a chill mould may be used. Chill moulds are only advisable when 
large numbers of core irons are required, owing to the cost of the preliminary 
mould. The hardness induced by pouring molten iron in a metallic chill is 
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Fig. 63.— Cast Core Irons. 

not a drawback in the case of core irons, for, in trimming the castings, these 
irons have, as a rule, to be broken in order to clean out the core. 

Obviously, on a level bed only flat core irons or gratings may be made, 
but, whilst the upper surface is necessarily flat, the lower one may be of almost 
any contour. Thus, after marking out the gratuig, a series of holes may be 
made in order to form " dabbers," as, for example, in fig. 64. The purpose of 
these dabbers is to distribute the effect of the grating into all parts of the 
core ; they may be vertical or at any inclination required by the contour of 




Fig. 64.— Cast Core Iron with Dabbers. 

the core. The latter also determines the length of the dabl3ers. Therefore, 
when making such a core iron, all requirements must be clearly realised ; for, 
though bits may be broken off, none of the projections will admit of bending. 
For this reason, sprigs or lengths of iron rod are often cast in a grating, since 
they will admit of bending to shape. A composite core iron of this character 
has many applications. For example, a series of rods cast in the foundation 
grating may be afterwards bent to follow the inclination of any core. This 
method is specially applicable for supporting projections from the core, which, 
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if on a higher level than the grating, cannot otherwise be readily reached. 
The method given for making a fire-basket in the previous chapter may also 
be taken as illustrating the making of a composite core iron. By this plan, 
practically any form of cage may be made, and the requisite internal support 
for any type of core readily obtained. In addition to casting lengths of iron 
rod in core gratings for the purpose indicated, nuts or hooks are also cast in. 
The object in this case is that of offering a means of bolthig two or more 
gratings together, or of suspending the core in a crane. When a nut is 
used, an eyebolt is screwed in for lifting ; or, if used for tying two gratings 
together, the screw from the first grating is passed through a corresponding 
hole in the second one, and tightened by means of a loose nut and washer. 
Hooks, when iiast in the grating, are connected together by means of eye 
bolts ; when used for lifting, an S hook offers a means of connection with the 
crane slings. According to the size and form of the grating, two or more 
hooks may be required to balance the core effectively when slimg in a 
crane. In making the core, tubes are placed over the hooks or nuts, as the 
case may be, which, on withdrawal, leave a space for the insertion of a lifting 
hook. These spaces are filled in when the core reaches its final position in the 
mould, and are dried by means of a red-hot plate. It need hardly be added 
that a sand core is not usually slung in a crane until dried, and then only for 
the purpose of lowering into the mould. 

So far, sand cores made from core boxes, core vents, and core irons have 
been considered. Vents and irons are essential in any core, no matter how 
made ; core boxes are, however, in certain cases dispensed with, and many 
sand cores are made by processes technically known as " sweeping " or 
" strickling." Strickled cores are familiar in the case of curved pipes of odd 
sizes, or where the number of castings does not warrant the outlay for a 
complete pattern and core box. Swept cores are confined to round straight 
pipes, and are familiar in all classes of pipe moulding. 

Strickling involves the use of a guide and strickle, as shown in A and B, 
fig. 65. A is simply a flat board cut to the required curvature ; it will be 
noted that by sliding the strickle B along the length of A, the dotted outline 
shown on A will be traced. Therefore, sand roughly packed by the fingers to 
this outline, and brought down to shape by passing the strickle over it, will in 
final form give one half of the core. The sand should be solidly packed, and 
strengthened by bedding in one or more irons bent to shape. On obtaining a 
rough outline, the sand is examined for soft places, which are made good, and 
the strickling continued until an exact half core is obtained. In using the 
strickle B, it will be noted that the checks cut at C serve as a side guide only ; 
therefore, the strickle must be pressed down on 'to the guide Iward ; if this is 
not done, an irregular core will be the result. A layer of parting sand is 
sprinkled over the half core, floor sand riddled on in order to bed a plate, and 
the whole turned over. The second half of the core is then strickled, and for 
this the opposite face of the guide board is required. After drying, the halves 
will come together, forming the complete core ; hence the reason for strickling 
one half from each face of the guide board. Before jointing, a channel is 
scraped down the centre of each half, to serve as a vent, and the two are then 
pasted together by clay wash or core gum. Simple pasting is sufficient for 
small cores, but those of large size should be tied together by means of wire. 
This is effected by having the core irons slightly longer than required, and 
looping them together by means of iron wire. If support is required in the 
centre, a groove is cut down to the core irons, which are bound together by 
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iron wire, and the groove then filled in. The joint between the halves is 
made good ; the core, after black-washing and drying, is then ready for the 
mould. 

This method of strickling is applicable to any core, the outline of which 
may be obtained by means of a guide ; further, these cores can be made to 
serve the purpose of a pattern, as will 
be shown later. However, whilst 
the method of strickling sand saves 
pattern costs, it eiihances those of 
the foundry, and is therefore chiefly 
applicable in the case of castings 
which are not of a standard character. 
Swept cores are usually run up in 
loam. There are, however, various 
cases in which swept sand cores are 
of advantage. The authors have 
found swept green sand cores of 
advantage in the case of castings in 
which provision for contraction could 
not otherwise be made. These cores 
are placed in the mould in a green, 
/.e. undried, condition, and are there- a 

fore difficult to handle. Apart from yiq. 65. -Strickling Board, 

this, greater skill is required in 

sweeping sand than loam, though essentially the two processes are similar. In 
the case of sand, the method is as follows : — A core barrel, formed by drilling 
holes in a tube of the required length, is set on trestles, then a winch handle 
is fixed into one end and keyed by wedges. The barrel is tightly wrapped with 
tow, or, in its absence, with frayed rope and then clay-washed. Riddled green 
sand is packed on as the barrel is rotated ; and when a uniform layer is obtained, 
the strickle boaixl is set in position across the strickles and weighted to prevent 
movement. Sieved green sand, not too wet, is then packed on the rotating 
barrel imtil the core assumes the form imparted by the stationary strickle. The 
difficulty lies in getting such sand to hang whilst the barrel is being turned. 
Practice in green sand sweeping is the only way to overcome it ; as soon as 
skill has been gained, cores are readily made by this method. When setting 
the strickle, its position must be such as to give the exact size of core required. 
Sizes are marked, or should be marked, on the strickle when it reaches the 
foundry. Usually two recesses indicating the diameter are made at each end 
of the strickle, and the core-maker can set his calipers to these recesses. In 
setting the strickle, allowance must also be made for the diameter of the core 
barrel. Green cores of this character are used without drying, and are of 
service in the direction indicated, i.e. where contraction cannot otherwise be 
met than by providing a yielding body of sand to meet it. In this respect it 
may be noted that in intricate castings of zinc and aluminium the authors 
have found the substitution of a green for a dry core the only possible 
solution for the difficulty arising from contraction. 

In running up loam cores a barrel is provided, as in the foregoing case, 
and woimd tightly with straw rope. Straw ropes are twisted strands of straw, 
and were at one time spun in the foundry either by means of a hand winch or 
a spinning machine. They are now more efficiently obtained from supply 
houses, and any variety of size is offered. Wooden ropes have been intro 
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duced as a substitute for straw, but they have not yielded any special 
advantage, and general experience is in favour of straw. Having wrapp^ the 
barrel with rope, it is clay-washed and daubed with loam, the latter being 
pressed well into the interstices of the rope. A strickle is set across the trestles, 
and weighted hi a position for giving a slightly smaller diameter than that, 
required by the finished core. Loam is pressed on the rotating barrel, which 
acquires the form imparted by the strickle. The first coat of loam is then 
stiffened by a few hours' exposure in the core stove ; after which the finishing 
coat is applied. Finishing loam is in a finer state and wetter condition than 
that first applied. In running on the finishing loam, the strickle must be set 
to the exact position required by the final size of the core. The core is then 
finally dried ; after which the diameter is tested by calipers, and, if correct, 
the core is black-^^^ashed. Should the diameter be too large, the core is 
"carded down" to size, that is, whilst rotating in the trestles the surplus 
loam is rubbed off by means of sand-paper or card wires. The latter consists 
of strips of leather belting pierced by a immber of wires projecting about 
\ inch, and are specially usefid in all cases of carding. On the other hand, 
if the diameter of the dried core is too small, a further coat of finishing 
loam is given. Naturally, when applying the final coat the exact size should 
be, and as a rule is, caught the first time. 

The principle of sweeping cores is, therefore, that of applying sand or 
loam to a revolvmg barrel, the desired form being obtained by rotating the 
sand or loam against a fixed board with a bevelled edge. Tow or straw rope 
serves as vents, and connects the whole of the core with the holes drilled in the 
barrel. The fact that sand cores are more difficult to run up than loam is 
due to the former containing less clay and thus having to be worked com- 
paratively dry ; it, therefore, does not " hang " well. Loam worked at about 
the consistency of stiff sludge readily hangs, and easily takes the form im- 
parted by the strickle. An arrangement of core barrel, strickle, and trestles is 
shown in fig. 66. This strickle will give a core of larger diameter in the centre 
than at the ends, but strickles can be cut to give any form of circular core. 

Obviously, core barrels should be of a suitable diameter, that is, large 
enough to give the requisite support to the loam, but not too large to 
hamper ccmtraction of the castings. The barrels may be made from gas-pipe, 
boiler tubes, or of cast-iK)n made specially to the required size. In the last 
case, trunnions are fitted to the ends. When a small barrel has, of necessity, 
to be used for a large core, several layers of straw rope are applied, in order to 
increase its diameter. Each layer must be tightly wound, and its interstices 
filled in by rubbing loam over the whole surface before winding on a second 
layer. In repeat work, such as large pipes, loam is appUed directly to the 
core barrel. These barrels are some two inches less in diameter than the 
core, the surfaces are covered with dabbers or small projections in order to 
give a grip to the loam, and are penetrated by numerous small holes for 
venting. To overcome contraction of the pipe, the barrels are made collaps- 
ible, and, after the casting has solidified, the barrel is " released " by removing 
the keys which hold it in position. Thus, if the barrel is formed of three 
segments, keyed together from the inside, when contraction commences, 
these keys may be knocked away by passing a bar do^v^l the interior of the 
barrel, thus permitting the casting, as it cools, to force the segments inwards. 

The method of strickling sand, shown in fig. 65, is equally applicable to 
loam, and in the case of large irregular pipe cores is widely used. The "only 
differences of note are that the guide plate should be of metal, as the half 
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core must be stiffened in the position in which it is swept, Stiffening may be, 
and often is, effected on wooden guide plates ; but there is always a tendency 
for the plate to warp ; hence, metal plates are better. These may be made on 
the open sand bed, using the wooden guide as a pattern, in which case a 
contraction allowance should be made on the pattern. In order to obtain two 
smooth faces, the guide board is turned over to make the second plate. Two 
suitable core grids are made, and, if the pipe is of large size, lengths of nail 
rod are inserted in the grid. These are afterwards bent over to follow the 
sweep of the core. On each end of the core grid a snug is made in order that 
the two grids may be bolted together by passing a bolt through the snugs. 
A layer of loam is spread on the face side of one plate, and the clay-washed 
core grid bedded on to it. The right position is obtained by passing the 
strickle along the full length of the plate. The grid is then partly filled in 
with loam, and an £wh vent laid along the centre of the half core. The filling 




Fio. 66.— Core Barrel, Strickle, and Trestles. 

is completed, and the final form obtained by the use of the strickle. Plate 
and core are carried Inxiily into the core stove and allowed to stiffen. The 
process is repeated on the second plate ; and the two half cores, when stiffened, 
are jointed and securely fastened by passing a l)olt through the end snugs of 
the core grid. 

Core Drying Stoves. — Drying stoves vary according to the style of cores, 
from krge brick structures down to small ovens, but little larger than those of 
ordinary kitchen ranges. The larger type are more conveniently discussed 
under the heading of stoves for drying moulds. The smaller type are, as a 
rule, built of cast-iron, fitted with a series of shelves provided with iron doors, 
and fired from a grate placed in the bottom. A sheet-iron flue leads from 
the top to a convenient stack. One of these stoves, of a* compact and 
convenient type, is shoMTi diagranmiatically in fig. 67. It consists of four 
compartments, and the products of combustion are dra\^'n from the grate 
between each compartment before finally entering the flue. Separate doors to 
each compartment permit of access to any one without cooling off the other 
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three. Small doors placed in the sides of the stove give access to the flues for 
cleaning. 

Various patent drying stoves are on the market, the Millett core stove heing 
probably the most typical. This stove may be built into a wall, or fixed in 
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Fio. 67.— Small Core Drying Stove. 

any position convenient to the core bench. One of its best features is found 
in the fact that each {shelf is independent. Each shelf and door are so 
attached that on opening any door the shelf comes with it, thus bringing the 
cores into a readily accessible position. An iron plate fixed on the back of 
the shelf eflfectually closes the stove when a shelf is drawn forward, thereby 
preventing a loss of heat. 



CHAPTER X. 

ELEMENTARY ASPECTS OF MOULDINO. 

The Preparation of a Mould. — Some elementary notions of moulding have 
been indicated in a previous chapter, but, as indicated, the method of open 
sand moulding is limited (1) by the rough surface of the top face, and (2) by 
the fact that this face must be a horizontal one. As a result, only com- 
paratively few of the castings produced may be made in open moulds. 
Turning to the more legitimate methods of moulding, it will be well, in the 
first place, to consider a few of the more elementary principles involved 
in the preparation of a simple mould. 

As a first example, we shall take the case of a flat plate 12 inches square 
by \ inch thick, to be moulded in a box 14 inches by 16 inches. The 
pattern is laid on a flat "turning-over board," and the bottom part of the 
moulding-box is placed over it, joint side down. This should be so placed as 
to leave 1 inch space between the pattern and the sides and one end, and a 
space of 3 inches at the other end. For facing, a slight sprinkling of coal 
dust is well mixed with a shovelful of floor sand and sieved on the pattern 
to a depth of J an inch. The box is filled with riddled floor sand, and the 
edges immediately over the joint well rammed with the pegging rammer. 
The sand overlying the pattern is not touched with the pegging rammer, but 
more sand is spread on the box, and the whole lightly rammed with the flat 
rammer or trodden with the feet, the object being to obtain the joint hard, 
but the rest of the sand firm and compact only. Surplus sand is strickled 
ofl^ level with the box edges, and the box is then ready for turning over. In 
this class of work bottom parts are not provided with cross-bars, hence a 
bottom board is bedded on to prevent the sand falling out whilst turning over, 
and also to permit of the complete mould being carried to a convenient place 
for casting. After strickling ofl^, a layer of sand is sprinkled on, and the 
bottom board bedded by rubbing it to and fro imtil a level bearing is obtained 
and the board rests on the box edges. The board is removed, and a series of 
channels made by lightly striking the sand with a rammer shaft. The whole 
of the sand is then pierced with a vent ^ire, the board returned, and the 
whole thing turned over by gripping the two boards together. The turning 
board is removed, and the joint of sand roimd the pattern sleeked with a 
trowel. Any loose sand is removed by brush or bellows, and a sprinkling 
of parting sand thrown on. After standing a moment, the surplus is blown 
off and a further light dust of parting sand thrown evenly over the joint. 
The top half of the moulding-box is fitted on the pins, and held "sun 
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about*** ; a runner peg is placed in the centre of the widest end of the joint, and 
floor sand sieved on as before. The l)ox is filled with floor sand, which is tucked 
under the cross-bars by the fingers and rammed all over with the pegging 
rammer. More sand is spread on, rammed compactly with the flat rammer, 
and the surplus strickled oflf level to the cross-bars. The runner peg is with- 
drawn, and the top widened by scooping out a shallow head, which ser\'es as a 
pouring basin. The top part is vented by piercing with a vent wire, and then 
lifted oflf, turned over and laid on a flat board. The sharp edge roimd the 
runner is filleted, and the sand face forming the top of the casting dusted 
over with charcoal or plumbago, and the surplus blown off". On the joint of 
the bottom part a channel is cut parallel with the pattern, and connected with 
it by means of light runners, as shown in fig. 68. These runners are most 
conveniently cut by means of the spoon gate cutter. Loose sand is blown oflf, 
and the joint roimd the pattern just touched with a water swab ; the pattern 
is then lightly tapped, to loosen it, and drawn out. Should the pattern be of 
wood, its removal is effected by a sharp spike ; but, if of metal, two holes are 
previously drilled in it, and the pattern lifted by means of spikes placed in 




Fio. 68.— Mould for Flat Plate. 

these holes. This drawing should be eflfected so as not to start the edges of 
the joint. If a very smooth face is required on the casting, charcoal dust or 
plumbago is shaken on the sand, and " sleeked " or lightly smoothed with a 
trowel. The mould is blown out, the top part returned, and the box cottered 
or weighted ; it is then rcivdy for casting. 

As a second example, a pattern of the same size and thickness as the fore- 
going is selected ; but the surface, instead of being plain, is covered with fine 
detail, such as flowers, fruit, etc. The method of moulding is very similar to 
that followed for the plain plate, except that strong facing sand is sieved over 
the pattern, and, after filling with floor sand, the whole of the box is rammed 
with the pegging rammer. The box is turned over, tlie joint made, the top 
part rammed, and nmners cut as before. A very fine skin is imparted to the 
casting by "printing" the pattern, that is, after drawing out the pattern, the 
surface of the mould is dusted over witli phunbago, the j)attem returned to 
exactly its former position and pressed down, thereby pressing the plumbago 
into the intricate details of the motild, and so securing an effect equivalent to 
sleeking. Nattirally, the pattern must be returned to the exact position from 
which it was drawn, otherwise the mould will be spoilt. A small pattern of 
this kind offers no difficulty in " returning " ; but larger ones are most con- 

• In the case of a flat joint, twisting is not of gmve moment, but "sun about" should 
always be enforced when placing the top half of the box on the bottom half; that is, the 
right hand aide of the box is pressed towards the moulder and the left hand pressed away. 
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veniently " staked " before the first removal, by fixing spikes at the comers, 
which serve as guides on returning the pattern. After printing, the mould is 
blown out and made ready for casting, as in the first case. 

As a third example, the pattern of a block 12 inches square by 12 inches 
deep may be taken. Here, owing to greater depth, the pressure of the liquid 
metal on the bottom and sides of the mould comes into play, a condition not 
so marked in the first two examples. The sides and bottom must, therefore, 
be rammed sufficiently compact to resist this pressure. On plain work of 
this kind, floor sand, to which coal dust is added, will answer as a facing, and 
the more open its character the harder should be the ramming. Should the 
floor sand be too weak, it may be bonded by the addition of from 10 to 25 per 
cent, of new sand, but the mixture should be essentially open in nature. The 
sides are rammed in courses of 4 inches, that is, after covering the pattern 
with facing sand a layer of floor sand 4 inches in depth is spread round the 
pattern, and evenly rammed with the pegging rammer. In ramming up the 
sides, the rammer should not approach nearer than an inch and a half to the 
pattern, and should not on any account strike the pattern. The courses 
round the sides are repeated until a depth of 4 inches of sand on the bottom 
of the mould is obtained, which is lightly and evenly rammed with the pegging 
rammer. A further course is spread on, and the whole rammed harder 
than the first course. The whole of the bottom of the mould may then be 
rammed comparatively hard with the flat rammer, strickled off*, and well 
vented. Before venting, a series of channels are scraped by the point of the 
vent wire from side to side and end to end of the box. After venting, the box 
is turned over on to a level bed and the joint made. The top part is fitted on 
the pins, and a runner peg fixed as before ; but in this case, owing to the large 
volume of liquid metal, it is evident that there will be a fair amount of liquid 
shrinkage. To meet this a " feeder " is placed in the centre of the top of the 
pattern, and rammed up with the top part. After strickling off^ the top, the 
runner peg and feeder are withdrawn, and the top part lifted off". The method 
of gating differs from that adopted with the thin plates, and a deep runner 

of / \ section will be sufficient here. Before drawing out the pattern 

narrow channels, roughly, |"inch deep x |-inch wide, are cut along the joint 
and connected by branch channels leading to the box edges, as shown in 
fig. 69. This channel is about li inch from the pattern, and is vented at 
distances of an inch all round the mould, taking care to force the vent down 
parallel with the sides of the pattern. The vent wire is also pushed beneath 
the box and the bed on to which it was turned. The pattern is then drawn 
out, and the mould finished and made ready for casting. On pouring fluid 
metal down the gate and through the runner into the mould, it is obvious 
that the metal will gradually fill the mould and rise in the feeder until it 
reaches the same height as the runner. This feeding head will therefore act 
as a reservoir, and, so long as it is fluid, will supply the shrinkage of the casting 
below it. The position of gate and feeder on the casting as it leaves the 
sand is shown in fig. 70, the diameter of the feeder being reduced at its 
junction with the casting in order that it may be more readily broken off". 

These three examples of moulding give rise to the following considerations 
respecting ramming, venting, and gating : — 

Ramming is not an easy operation to describe, further than to state generally 
that it is not mere sand pounding, b\it demands the exercise of some judgment. 
Thus, in example one, the flat plate was not rammed with the pegging rammer, 
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but simply consolidated by treading or lightly ramming with the flat rammer. 
In the second and third examples, the pegging rammer was used on the face of 
each mould and a fairly compact ramming given. 

In making flat work of plain surface, all that is necessary is to get the sand 
sufficiently compact to resist liquid pressure ; provided this requirement is 
met, the softer the ramming the better the result. If too soft, the casting will 
swell ; therefore, the greater the depth of the casting the more compact must 
be the ramming. The question naturally arises, if compact ramming is 
permitted in the case of a heavy block, what harm can it do, further than a 
waste of physical effort, in the case of the thin plate ? An answer is fovmd in 
the very fact of the plate being thin, for, if a fully run casting is required, 
the metal must enter the mould quickly ; in other words, the air and gases of 
the mould must escape rapidly. If they do not escape, the casting is 
" seamed " or marked by more or less worm-like hollows, which are a source of 
disfigurement. These streaks, due to the non-escape of gas, when present may 
be traced to the use of too strong a facing sand or to the hard ramming. Com- 
pact ramming in the case of the block is required in order that the mould 
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Fio. 69.— Mould for Block. 




Fio. 70.— Block Casting. 



shall not swell. Therefore, an open sand is used and venting assisted by the 
vent wire, as indicated. Not only is there a greater pressure on the mould, 
but there is also a greater depth of liquid metal to force the gases downwards 
through the sand. 

In the second example, strong facing sand was compactly rannned on a 
figured surface. In this case the sand must be squeezed into the finest intri- 
cacies of the pattern if a replica possessing the delicate detail of the original 
is desired. A limit to hard ranmiing is, of course, found when the sand is so 
wedged into the details of the pattern tliat the latter cannot be drawn out 
without bringing the sand with it. Rammed within reason, such a casting 
will seldom " seam," and artificial venting is hardly necessary. In fact, large 
numbers of panels, canopies, and the like, are motilded, and a vent wire never 
used. 

This gives rise to a feature of moment, in that the tiny projections of sand 
forming the detail of the mould offer a route for the egress of gases. Molten 
metal does not lie so kindly on a plain surface as on a figured one, hence the 
greater precautions necessary in thin flat work. The foregoing refers only 
to the bottom parts of a mould. Top parts are always rammed comparatively 
hard, in order to withstand lifting off', turning over, and replacing. Whilst 
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molten metal has to lie on the bottom face, it only lies against the top face. 
Comparatively few remarks are necessary here as to the use of the vent wire. 
As shown in the foregoing account, it is an artificial aid to the porosity of the 
sand ; therefore, in heavy work, where compact ramming is required, venting 
should be liberally practised. In venting, the wire should not touch the 
pattern, for, if it does, metal will enter the vent, in which case it cannot serve 
its intended purpose as a channel for the escape of gases. In thin work the 
sides of the mould do not enter into consideration ; but in deep work, as in the 
third example, provision should be made for venting the sides of the mould. 
In all cases the vent should be allowed a free escape, hence the cross channels 
made on the bottom of the box before turning over. During casting, the gases 
escaping through these channels are " lit " by applying a red-hot skimmer. 

Gates or runners denote channels cut for the passage of metal from the ladle 
into the mould, formed, as sho^n, by ramming up a peg with the top part and 
cutting a channel commimicating with the hole left by this peg. A typical 
form of gate is shown in the block, fig. 70, representing a V-shaped channel, 
whilst a sprue form of a gate is shown on the plate, fig. 68. In connection 
with sprue gates it is well to remember that their area should not exceed that 
of the down gate or runner. The authors have had much difficulty in getting 
experienced moulders to recognise this, and one often sees a gate cut with a 
dozen sprues, equal to an area of 2 square inches, supplied by a down gate of 
an area equal to 1 square inch. Under such conditions, some of the sprues 
cannot be effective, and it is always well to see that the source of supply is 
equal to the demand. In fact, the area of the dovm. gate should always exceed 
that of the sprues. A series of sprue gates are always cut on a thin casting, 
which must be filled quickly. Owing to its thinness, such a casting must be 
supplied by several streams of metal from distinct points. A heavy casting 
can be successfully run by one gate cut of such a size as to take the whole of 
the metal supplied by the down gate. Here the metal will not chill so rapidly 
as in the case of thin plates. 

Risers, or " whistlers," are placed on portions of a casting which project 
into a top part in order to ensure these portions being " nm up " sharp. In 
other cases, risers are placed on the opposite side to the rimner, in order to 
tell when the mould is full and to prevent straining. The purpose of a feeder 
has been shown to be that of a reservoir to supply liquid shrinkage. The size 
of the feeder will, therefore, vary with that of the casting, and in certain cases 
it may be necessary to place several on different portions of the casting. An 
example of the latter is found in the rim of a heavy fly-wheel. In order to 
make a feeder more effective, it is kept open by churning with an iron rod, 
the object being to keep a passage between feeder and casting open, so that 
at intervals further supplies of liquid metal can bo poured in, thus ensuring 
a casting being " fed up," that is, solid to the top. 

These notes, in conjimction with those given on open sand moulding, cover 
the more elementary aspects of motilding. Practically, they may be summed 
up by regarding a mould as a receptacle for liquid metal, which receptacle 
must not be injured by the temperature or pressure, and be of such a nature 
as to permit the removal of gases, and give a easting which in form shall be 
an exact replica of the pattern. 



CHAFIER XI. 
6BEEN SAHD MOULDING. 

Thb method of turning over has been described, but it is readily apparent 
that few of the large range of patterns handled by any foundry can be laid on 
a flat lioard for the purpose of ramming up the bottom part. Patterns of 
regular contour, but which do not, in the solid, permit of the use of a flat 
turning-over board, may be divided through the centre, as, for example, the 
flanged pipe, fig. 71. 

The halves of such a pattern are maintained in true position by pins and 
dowels, as in the case of core boxes. In moulding, one half is laid on a flat 
board, and the bottom part and joint formed as l^efore. The second half of the 
pattern is placed in position on the first half, and the top part rammed up. 




Fig. n.— Half Pipe Pattern. 



which, on .lifting off, brings with it the embedded half pattern. A light 
wooden pattern will l>e readily lifted by the suction of the sand ; if there is 
any danger of the pjittem not lifting, a spike is driven into each flange, and 
these are heUl by a hoy, whilst the top part is l)eing lifted off", (hi turning 
the box over, the spikes are dra^^-n doNMiwards, A metal pattern, evidently, 
will not lift with the top pirt. Such patterns are therefore drilled and 
tapped, usually ^-inch thread, and a screw is inserto<l haN-ing an eye 
projecting thn)ugh the top part. After ramming, an iron rod i? passed 
thniugh the eye and we<ige<l on the sides of the lx)x, as shouTi in fig. 72. 
This device ensures lifting the pattern with the sand ; but it may be noted 
that, after lifting off and turning the l>ox over, the screw will not prevent a 
side thrust on the sand. Hence, if the pattern is heavy, it must he held by 
hand during the time of turning the top part over. 

Turning to the pi[x? agjiin, after lifting off the top part, and turning it 
over, the two half moulds are ready for finishing, that is, the two half patterns 
are drawn out, gate cut, and any danuiged part of the mould mende<l by tools. 
Before drawing the pattern from the top half, the sand round both flanges is 
" sprigjretl.'' Sprigs vary from 3 to 6 inches in length, according to the depth 
of the flange, and are pressed in, as shoM-n at f\g. 73, with the object of holding 
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the sand in position after removing the pattern. These sprigs are pressed in 
abotit J-inch from the flange, but at an angle to it. The projecting boss 
shown on the pattern, fig. 71, is termed the core print ; and reference to fig. 
73 will show that by placing the core in these prints, a space will be left 
between it and the mould, us shown by dotted lines. This core is placed in 
the bottom half, and the top part closed over it. When closing a top part of 
this character, namely, one from which a pattern has been drawn, it is 




Fig. 72.— Lifting Pattern in Top Part. 

advisable to turn it over away from the lx)ttom part and note if any sand falls 
away. Should such be the case, the top part can be turned back again and 
mended. If turned directly over the bottom piirtf, any sand falling will enter 
the mould ; hence, in addition to patching the top part, the bottom will also 
require cleaning. 

Evidently, then, by splitting the pipe pattern, as in fig. 71, its moulding 
is simplified into, practically, that of a flat object. However, as an illustration, 
we will assume that the pattern is solid, as in fig. 74. Here a flat turning 
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Fio. 73.— Half Pipe Mould. 

board cannot possibly be used, and, for turning over, an " odd side " or false 
top part is required. The top part of the box to be \ised is laid on the floor, 
filled and trodden in with floor sand. After strickling ofl^, a rough outline, 
corresponding to the pattern, is cut o\it, and the latter sunk to half its depth. 
The pattern is bedded by tucking in sand under any portions which spring, 
until the whole lies solid. The bottom part is placed on, rammed-up, the two 
parts cramped or cottered, and turned over on to a level bed. The top part is 
lifted ofi^ and knocked out. The pattern is jointed down to its centre, which 
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must be faithfully followed ; for if the joint is cut below the centre, the sand 
of the top part will not lift ; on the other hand, if the joint is cut above the 
centre, the pattern will not give a clean draw, but will start the edges of the 
joint. Having made the joint, examination will show that the body of the 
pipe will readily lift, but such conditions will not hold in the case of the 
flanges which are comparatively square, that is, in the direction of their 
thickness they possess no taper. Two holes are burnt in the top of each 
flange, in order to take a i^-inch rapping bar drawn to a point where it enters the 
holes. The top part is placed on, and over each hole in the flange a small 
runner peg is placed. A layer of sand, approximately 1 inch in depth, is sieved 
over the joint in this layer, and, following the contour of the pattern, lifters 
are bedded. Before bedding, the lifters are dipped in clay- wash, and the top 
of each lifter given a bearing on one of the cross-bars of the top part. The 
latter is then rammed up, and the runner peg and the two pegs on the flanges 
withdrawn. Through the latter a rapping bar is passed into the hole of the 
flange, and the bar rapped equally in the direction of the length of the pipe ; 
i,e, the un tapered sides of the flange. This treatment is applied to the other 
flange, and the two holes may then be filled up with sand, packing by means 
of the fingers, or left open to serve as risers. The top part must be lifted 
absolutely level \mtil it clears the flanges, and, if the foregoing details have 
been followed, a fairly clean lift will result. Any damaged places are mended 
up, and for the flanges a strip of wood may be used as a guide. In working 





Fig. 74.— Solid Pipe. 

from a solid pattern, it will be seen that the " odd side " replaces a flat turning 
board. As another example of moulding the same pipe, we will assume that 
no bottom part is available, and that only a top part can be procured in which 
to make the mould. For this example it is immaterial whether the pattern 
is solid, as in fig. 74, or split, as in fig. 71 *; in either case, the method of 
moulding is the same. A trench is dug in the floor, and filled in with riddled 
sand, over which a layer of facing sand is sieved. The pattern is laid on and 
pressed down until level with the floor line. Should the flanges be deep, 
sand in their vicinity is scraped away by the hand, and the pattern then 
bedded solid by laying a block of wood on it and tapping it do^\Ti. When 
approximately solid and level, the pattern is weighted and sand tucked roimd 
and mider by the fingers. The pegging rammer is then used luitil the sand 
is compact to the joint line. A joint is made as usual, and top part placed 
on. After ramming the top, and before lifting off*, it is staked at the four 
comers, these stakes taking the place of pins, and serving as a guide on 
returning the top. The stake may be an iron bar, a flat file, or a piece of 
wood ; but, in any case, it is driven into the joint parallel with and bearing on 
the sides of the top part. Two such stakes at each comer serve as efficient 
guides on returning the top. The only other feature calling for note is 

* It may be noted that when pipe patterns are solid the flanges are usually split so as 
to lift with the top part. The example of a solid pipe with fixed flanges is given for purposes 
of illustration. 
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that before drawing the pattern from the bottom part, which in this case is 
the foundry floor, being a " bedded-in " job, it should be vented from the 
joint by means of a channel scraped round the pattern, and the vent wire 
pierced under but not catching the pattern, as in the case of fig. 69, noted in 
Chapter X. 

Pipes, such as those shown in fig. 74, are, for various reasons, often 
required to be cast on end. If a pattern, such as is represented in fig. 71 or 
in fig. 74, has to be used, and the mould made in green sand, then the method 
followed is that described in the first or second example, with the exception 
that the runner is cut so as to drop the metal between the core and the body 
of the pipe. Instead of turning the bottom half on to a sand bed, it is 
turned over on a board ; after finishing and coring the mould, the top half 
is closed on and a board bedded on it. The two boards are then either 
cramped together or fastened by binding screws, and the complete mould 
turned on end, with the pipe in a vertical position. 

However, a slight alteration of the pattern will permit of it being moulded 
directly in the vertical position. Thus, if the two 
flanges are loose, so as to permit of their removal 
in a vertical direction, the pipe may be moulded in 
a square box by having a joint at each flange. 
Thus, using a box of the type shown in fig. 75, 
the method is somewhat as follows : — The bottom 
flange of the pipe is laid on a flat board, and the 
box part A placed over it, joint side down. This 
part is rammed up, turned over, and jointed. The 
body of the pipe is fitted into the flange, and the 
box part B fitted on to the part A, and then 
rammed in courses until level with the top of the 
pipe. The top flange is then fitted on to the pipe, 
sand tucked under and roimd it, and a joint made 
level with the top of the flange. The box part C is 
fitted on and rammed. For convenience in centring 
the core, the print should be carried through this 
part, and, if not long enough for this purpose, may be 
cut through later. A wedge-shaped gate is rammed 
up with this part ; the point of the wedge butts 
against the print, and is so fixed as to deliver a stream of metal directly down 
the pipe. On lifting off" C, the core print is cut through, which destroys part 
of the gate. The top flange is drawn and then the body of the pipe. The 
box part B is then lifted off and the bottom flange drawn. The three parts of 
the mould are finished ready for closing, the part B returned, and the core 
lowered down into the print in A. It is at once apparent that the core may 
be fixed in this print before returning the part B. By following this plan 
the core is easier to centre, and the part B is then lowered over the core. 
Further, if desired, an intermediate joint may be made by having B in two 
portions. In such a case the joint is not parted until the pattern is 
drawn. This further division of the mould offers greater facilities in finishing 
and in centring the core. The core in position, and the mould closed up to 
the joint of the top flange, the part C is then fitted on. As the core print of 
this part has been carried through, it is evident that the core can be guided 
into its print as the box is being lowered on. Thus, a boy by means of a spike 
in the vent of the core can move it in the direction required as the box is 




Fig. 75.— Moulding Pipe 
on End. 
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lowered down. It will be remembered that part of the gate has ^been de- 
stroyed in cutting the print through. The wedge gate is therefore returned 
to its position, the spike left in the vent of the core, and both gate and print 
made good by packing sand with the fingers. Before removing the gate a 
small head is formed, and on removing the pin care is taken to see that no 
loose sand falls into the. mould. On removing the spike which had been 
inserted in the vent of the core, a passage is left connecting the vent with the 
atmosphere, and offering a route for the escape of the core gases. 

From the foregoing it is evident that any one jjatteni can be moulded in 
various styles, and the particular method adopted should, of course, be that, 
most suitable to the appliances at hand. It will be specially noted that three 

methods, rolling over, bedding in, and 
casting on end, have been introduced. The 
last one gives an example of the use of a mid 
part, and a little imagination will show that 
by the aid of two or more joints very com- 
plicated patterns can be moulded in boxes. 
In many cases the floor may be made 
to serve the purpose of a bottom part in 
a two-jointed mould, and, as an example, 
we may take the case of a valve body, the 
core of which is in two portions, thus 
necessitating the mould being made in the 
position shown at fig. 76. Such a pattern 
would be made in three portions, divided 
This flange is bedded in 
the floor and jointed, and the bottom half of the pattern fixed on the flange. 
In these patterns the distance l^tween the lower side of the body and the 
flange is comparatively narrow ; hence the sand filling this space must be 
strengthened, which may be eftected by lifters, or, preferably, by wedging in 
cross-bars. The bottom part, which renlly serves the purpose of a mid part, 
is "staked," and the further details of moulding are practically those already 
indicated. Another method of moulding is found in turning over. Thus, 
the bottom half of the pattern is laid on a board and rammed up to the 




Fig. 76.— Valve Body, 
in the centre, and with the l)ottom flange loose. 




Fig. 77. — Mould Joint. 



flange joint, the flange is bedded on, and the sides of the box rammed. A 
fairly steep joint is made down to the flange, as in fig. 77. In order to 
make the parting sand adhere on a steep joint of this character, it is first 
damped and then smoothed ix)und the joint. If thrown on dry it would 
all roll to the bottom; hence, when parting, the two surfaces would stick 
together or "clag." In place of damp parting sand, strips of paper may be 
laid on the joint, and will effectually isolate the two surfaces. After making 
the joint, sand is rammed over the flange, level with the rest of the box. A 
board is then bedded on and the whole turned over. Further details are 
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familiar. It may, however, be noted that the 'steep joint serves as a gnide 
when returning the mid part. 

The joint shown in fig. 77 is the first one introduced which is not of a flat 
character. It is, however, obvious that 
the contour of many patterns is such 
as to demand very irregular jmrtings. 
Turning again to fig. 77 it will be noted 
that the joint before tajxjring off is 
carried for a short distance lovel with the 
flange. Supposing it had been jointed 
straight down to the flange, then, on 
turning over, and after removal of the 
midpart and flange pattern, a feather edge of sand would be left, as shown in 
fig. 78. A thin body of sand of this character is exceedingly liable to crush ; 
hence the reason for making the joint as shown in fig. 77. Further illus- 
trations are shown in figs. 79 and 80. A semicircular pattern, such as 79, 




Fig. 78. —Mould Joint. 




Fig. 79.— Mould Joint. 

should be jointed as shown at A ; the joint shown at B does not give room 
for lifters, and the thin In^dy of sand will not lift well, hence necessitating 
patching. Lifters win be rciidily placed along the joint A, and every particle 
of sand will come with the top part. Fig. 80 shows a joint which, for a 
short distance, continues the lines of the pattern ; this type of joint will 




mw 



Fig. 80.— Mould Joint. 

not only lift well, but also give a casting with clean edges, and quite free 
from "fins."i 

In drawing patt<.Tns from the mould, an absolutely vertical lift is usually 
necessary. However, this does not apply in all cases. For example, the part 
shown in fig. 80, drawn vertically, would bring with it the whole of the sand 
undercutting at A, thus entirely spoiling the mould. If drawn in the direction 
of the arrow, a clean parting of mould from sand results. 

^ When two joints are strained by the fluid metal, or when they are not in perfect 
contact, a fin of metal results along the edges of the casting. 
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When speaking of luoulding-boxeti, 
Chapter VI., it was shown that in the 
case of special or repeat castings the 
cross-bars in the top part are arranged 
to follow the contour of the pattern, 
thus di8|)en8ing with lifters. But there 
are many cases in which a flat top part 
nnist be used, and such cases involve 
the exercise of much ingenuity in 
securing good lifts. In every case in 
which a deep lift has to V>e obtained from 
a flat top part, it must l)e remembered 
that the cross-bars carry the weight of 
the sand, and therefore any artificial 
support given to the sand must in turn 
have a direct l)earing on these bars. 
Thus, all lifters must hang from the 
bars, if their purpose is to be efliciently 
served. Not only so, but the side of the 
lifter should bear directly against the 
side of the bar. Lifters are of various 
forms, and are made either of cast- or 
of wrought-iron. They help to deepen 
the top part, as in the case of fig. 79, 
along the joint A. In place of lifters, 
"chocks" may be used. These are 
simply pieces of wood cut to size, and 
wedged in between the cross-bars. By 
this plan very deep lifts may be obtained, 
and, the wooden chocks being wedged 
in position, there is no danger of a side 
slip when turning the top part over. 
An example of chocking may be taken 
from an old-fashioned range made in a 
box having a flat top part, as in fig. 81. 
After jointing, the chocks are wedged 
in, as shown, and follow the contour of 
the joint and pattern. 

With certain deep lifts, pans for 
instance, a grating may be used. Such 
a grating is made on tlie open sand bed, 
and, if necessary, iron rods are c^st in, 
as in the case of a core grid. Eyes or 
nuts for lifting are also cast in, and by 
means of these the grating is hung or 
bolted to the top part. Naturally, a 
selection of lifters, chocks, or gratings 
will permit of practically any top part 
being lifted clean, and the choice will 
be determined by the most suitable 
appliances at hand. A kindred subject 
to lifting is that of strengthening 
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isolated pieces of sand. Such protection is comprised in the use of sprigs and 
rods of iron which rely for their support on a sand backing. One example of 
sprigging has been given in fig. 73, the object in this case being to strengthen 
the joint. The use of sprigs in holding projecting bodies of sand is found in 
the teeth of spur wheels, and, according to the size, two or more sprigs are 
bedded in during the ramming. It may be well to note that ramming on 
the teeth of such wheels is a delicate operation. If too soft, the teeth will 
swell, and the wheel be useless. On the other hand, if too hard, the chances 
are that in drawing out the pattern the sand in the teeth will be started, if 
not actually drawn up with the pattern. Hence the practice is either to press 
sand into the teeth with the fingers, bedding in sprigs during the process, or 
to throw sand into the teeth. In the latter case, a handful of sand is thrown, 
the distance and sharpness of the throw depending on the size of the teeth. 
Either metliod is good, but the authors prefer to press in the sand by the 
fingers, for, in this case, the sense of " touch " guides the moulder, and on the 
whole ensures more reliable work. When the projecting body of sand is too 
long to receive adequate support from sprigs, then rods of iron are cut to the 
desired length and bedded in as the ramming progresses. 



CHAPTER XII. 

GREEN SAND KOULlDlNGt—conHmied. 

Loose Pieces and Subdivision of Patterns -FAiiSE Cores and Drawbacks 
— Moulding in Three Part Boxes -Coke Beds — Additions to Top 
Parts — Stopping Off or Extending Patterns. 

Up to the present only the more familiar aspects of moulding have boon con- 
sidered, bnt essential principles have been introduced, and it has been shown 
that a given pattern may be moulded by different methods. Thus, in the 
case of the pipe, the methods applicable were (a) tuniing over, (b) bedding in, 
and (c) moulding in a vertical position by means of loose flanges on the pattern 
and mid parts in the moulding-box. Whilst the majority of patterns have to 
be drawn vertically from the mould, it has been shown, in the case of fig. 80, 
that a draw at an inclination to the vertical becomes necessary in order to 
avoid tearing the sand. This practice is applicable to a largo variety of 
patterns, but it has its limitations. In machine-tool castings, recesses, bosses, 
and the like are often required, and these may be so situated as to fall 
below the joint line of a pattern, which, of necessity, has to be drawn 
vertically from the sand. These requirements involve the provision of core 
prints carried up to the joint line of the pattern or the attachment of " loose 
pieces," which, in effect, serve the same purpose as the loose pieces in a core 
box. The most familiar examples of extended core prints are found in the 
case of castings requiring small round or square holes in the sides at some 
distance below the joint. In stich cases the bottom part of the print serves 
as a seat for the core, which, when in. position, follows the dotted lines of fig. 
82. The upper part of the print is filled in with sand ; for this purpose a 
stopping-off strip, fig. 82, is placed over the core, and held against the sides 
of the motild. The core may be made to fill its own print, as in fig. 83. 
Here a recess is required along the side of a casting, and, in order to give a 
flat joint, the core print is carried to the top of the pattern. On inserting a 
core, of the section shown, into this print, the recess is formed, and the side of 
the core also corresponds to the side of the casting. 

The" core print of fig. 82, instead of being carried to the joint, may be 
worked as a loose piece. Thus, on raumiing tip the pattern, immediately a 
solid bearing of sand has l>een obtained under the print, the screw holding it 
in position is removed and#the ramming continued. It therefore follows that 
the print, being loose, remains in position on withdrawing the pattern, and 
may be removed by drawing directly into the mould. This assumes that 
the mould is of sufficient width to draw the print and insert the core. In 
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practice, loose prints are only used on patterns leaving sufficient working 
space for the foregoing operations, and extended prints are used on patterns 
of narrow cross-section, as, for example, flanges. Fig. 84 shows a t3rpe of 






Fio. 82.— Extended Print. 

recess common to slide* castings, which obviously, owing to the taper, is such 
as to prevent a clean parting of solid pattern from sand. The pattern is, 
therefore, made in three pieces, and the loose pieces are temporarily held in 
position by wire pins, as shown. The inside is rammed with the strips held 
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Fio. 83.— Extended Print. 




Fio. 84.— Method of Moulding. 



in position by means of the pins, the latter are then withdraiivn from the 
outer edge of the pattern, and the ramming completed. The mould is turned 
over and carried to the stage of withdrawing the main part of the pattern. 
This will leave the two strips remaining in the sand ; but the space provided 
by the removal of the pattern will 
permit of the strips being drawn 
sideways until they safely clear the 
overhanging sand. 

Projecting losses are similarly 
moulded by means of loose pieces, 
as in fig. 85. These two examples 
sufficiently " illustrate the applica- 
bility of loose pieces as a means of 
withdrawing projecting parts of a 
pattern which do not fall on a 
joint line. When ramming up any 
pattern filled with loose pieces, care 
must be taken to see that each piece 
is maintained in its proper position. Further, all pins or holding screws must 
be withdrawn as the ramming proceeds, otherwise, when drawing the pattern, 
the loose piece will belie its name and the mould be spoilt. 

In certain cases loose pieces may be avoided by substituting a dry sand 




Fio. 85.— Method of Moulding. 
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Fio. 86.— Method of Moulding. 



core. Thus, if a core print is fixed on to fig. 84 the pattern will, in section, 
take the form shown in fig. 86. This renders moulding comparatively simple, 

and the recess is formed by fitting 
the core into the print. Similarly, 
fig. 85 may be moulded in the way 
shown in fig. 87. The substitution 
of a dry sand core for what, in 
reality, is a green sand one, may 
increase pattern-making costs so 
far as a core box is concerned, but 
to some extent it simplifies mould- 
ing and lessens the risk of waster 
castings. 

Quite apart from the attachment 
of fitting strips, bosses, etc., as loose 
pieces, in certain cases it may become necessary to suMivide a whole pattern 
into many distinct portions. For example, a fluted column, the half pattern of 
which is shown in fig. 88, is divided 



into six portions, dovetailing one 
into the other, in order to facilitate 
moulding. The column is moulded 
with one joint across the centre, and 
after drawing the central part of each 
half pattern, two side pieces remain 
in each half mould. These are 
removed in a direction suitable to 
the contour of the fluting. This 
method of division is largely appli- 
cable to such work as ornamental 
columns, gas or electric lamp 
standards, and palisading. In 
every ciise N\'here the character of 




Fio. 87. 



Method of Moulding. 

the ornament is of such a nature as to prevent a vertical draw, that portion 
of the pattern is dovetailed on to the main body in such a manner as to remain 




Fio. 88.— Fluted Column. 



behind on drawing the first part of the pattern. In place of dovetails, the 
segments of a circular, hexagonal, octagonal, or like form of column may be 
screwed together. In this case the screw heads must come to the inside of the 
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pattern in order to permit of loosening after the halves of the pattern have 
been separated. This is after the top part of the moulding-box has been 
lifted off and before the patterns are drawn. Some patterns met with in 
engineering work have to be practically taken to pieces before they can be 
removed from the mould. Hence it is of importance that all holding screws 
should be accessible to the moulder from the position in which the mould is 
parted or jointed. 

False Gores and Drawbacks. — In certain cases the pattern may be solid, 
not fitted with core prints, and yet have projecting portions on the side faces 
below the joint line. In order to dmw such a pattern, some portion of the 
mould must be removed horizontally from the pattern in order to admit of 
its free removal. In light work these removable parts of a mould are termed 
" false cores," and in heavy work " drawbacks." Examples of false coring are 
often met with in iron and brass ornamental work, and intricate details below 
the joint line of the pattern are successfully reproduced by these means. 
Thus, in the case of flowers or beading on the side of a pattern, after making 
the joint and parting the halves of the moulding-box, sand overlying the 
flowering is cut away, and a false joint formed, which widens as it leaves the 
pattern. The whole of the projecting flower is thus exposed, and the joint is 
made in such a fashion that a core may be formed within it, permitting of 
lateral movement from the pattern. After making the joint, parting sand is 
applied as usual, and strips of paper laid on the sides, sieved facing sand is 
tucked into the pattern and round the joint. A small ball of clay is pressed 
into the centre of the core, and the core completed by tucking in sand to the 
level of the mould joint already formed. After making the mould ready for 
the removal of the pattern, the first step is to cut away the sand and the back 
of the false core. A core pin is then inserted catching into the clay of the 
core, the pattern is lightly loosened, and the core gently drawn away until 
clear of the pattern, when it may be lifted up and laid on the joint. The 
pattern is drawn and the core returned to its former position. The back of 
the core, which had been cut aw^ay, is made good by filling in with sand so that 
there shall be a solid backing to maintain the core in position when the 
pressure of the fluid metal comes on it. The purpose of the clay will readily 
be seen to be that of giving body to the core and providing a material into 
which a lifting pin may be inserted. Naturally, one casting may require 
many false cores ; but the method thus outlined is, irrespective of the number 
of cores required, applicable to any small casting. 

Obviously, clay can only be employed as a lifting medium for false cores 
of comparatively small size, and, when depth and width each exceed 2 inches, 
a more solid stiffening becomes necessary. False cores lifted away by means 
of supports other than clay are more legitimately known as "drawbacks." 
These supports may take the form of a piece of coke, a wooden chock, a cast- 
iron frame, grid or plate, or a piece of sheet-iron. An example of the use of 
a sheet-iron drawback plate is shown in fig. 89. These plates are cut to the 
required contour, and bedded on the joint, the upper face being clay-washed. 
The core is made up on the plate, and the mould carried to the stage of 
drawing the pattern. The back of the drawback is cut away to allow of its 
lateral movement. It will be noted that the operations are precisely the 
same as in the making up of a false core, except that the central ball of clay 
in the latter is replaced by a foundation plate of sheet-iron to carry the sand 
of the drawback. Exceeding 8 inches in length, sheet-iron becomes too springy 
for use as a drawback plate, and it is replaced by plates of cast-iron. These 
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plates are made to the required size on the open sand bed, suitable lifting eyes 
and strengthening rods being cast in. 

Fig. 89 represents one of the smallest drawbacks. It is manipulated 
entirely by means of the fingers, and removed from and into position by means 
of the sheet-iron plate. Fig. 90 shows another type of drawback which 




Fig. 89.— Small TyjK; of Drawback. 

practically forms a complete side of the mould, and is treated as though it 
were a box part and handled by means of a cmne. The particular casting is 
a gim-port door cast in gun-metal, but the actual casting is of less moment 
than the features introduced in making the mould which are applicable to 
various types of castings. The pattern is bedded in the floor and jointed, as 




Fig. 90.— Large Tyi»e of Drawback. 



shown, the Ui^ri/jonta) portion htjin^ If^'tOlcni 
by tlie iiitl of tt s^pirit kvol, a Jul the inditiefl 
portion forir*ed in a wniall pit abotit 4 ieet 
deep iiy 6 ft*et wide. Tijo joints dnwu tlie 
side <>f this pit folluvr the ini'linjitiori of tlie 
pitteiTij whit 1 1 iri sn^'li tKnt tbe lowi'^ft pttrt 
projects some 6 inches beyond the highest 
part. Obviously, a flat dniwback plate would 
not carry such a depth of overhanging sand ; 
hence, two rows of strengthening rods are 
cast in, the back row being perpendicular 
and the front row inclined from the per- 
pendicular to follow the joint of tlie jxatteni. 
Fig. 91 shows the arrangement of these 
rods and the two lifting eyes for attjiching 
the plate to the slings of a cmne. Two 
snugs are also shown at the back of the plate, 
each one being cored out. This drawback, 
when completed, will form a fairly heavy 
mass of sixnd and metiil ; therefore, hi order 
to ensure that it shall not sink, the bottom 

joint of the pit rnnst l)e very firmly rammed. As a further precaution, two 
flat weights are ])Pdded in with their upper faces level with the joint, thus 
giving a secure and unyielding support to the dmwl)ack plate. It has 
already been noted that dry parting sand does not readily adhere on 




91.— Drawback Plate. 
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a sloping joint; hence the joints of the side of the pit are "papered," 
the paper being held in position by small tacks pressed into the joint. 
The drawback plate is clay-washed, placed in position, and rammed up as 
though it were a loose part. Here two features require notice. The 
strengthening rods should show no tendency to spring ; but if they do, they 
may be tied together by wire and wedged by jamming small chocks of 
wood between each bar. Frequently such a pattern has a recess which, 
to obtain a good parting, will require nailing, that is, sprigs are bedded in 
the recess as the ramming proceeds upwards. To give a solid backing for 
ramming, boards are wedged against the sides and back of the drawback. 
Ramming in courses is continued until the horizontal joint is reached, 
and the top of the drawback is levelled off to form a continuous and level 
joint. A top part covering the exposed part of the pattern and the top 
of the drawback is then laid in position, runner pegs inserted, lifters, & 
required, and the whole rammed up. Before removing the top part, it is 
staked, in order to give guides for its return. After removing the top part 
the pit is cleared, and the plate is staked by driving in iron bars at each end, 
which serve as guides for the lower portion of the drawback, and V-grooves 
are cut at its junction with the flat joint. These serve as guides for the 
upper part of the drawback. The sand overlying the lifting eyes is cut out, 
and the crane brought into position for lifting. However, before removing 
the drawback, two points have to be considered: (1) if the aforementioned 
recess is present, this will prevent a vertical lift ; and (2) the overhanging part 
of the drawback will throw it out of balance. These involve that the draw- 
back shall not be lifted vertically until it has been removed sufficiently far in 
a horizontal direction to clear the recess. In order to balance the drawback, 
the toe of a cramp is passed through the hole in each snug, two bars are laid 
across these cramps and a weight placed on them. A trial by just taking the 
weight of the drawback in the crane will at once tell how the balance is, and 
the weight may be moved either in or out as required to effect a perfect 
balance. This obtained, the full weight of the drawback is taken by the 
crane, but no more, and the whole is drawn forward until the recess is 
cleared. 

The drawback may be then hoisted out of the pit and rested on battens 
for finishing. The removal of the drawback permits the removal of the 
pattern, as also the finishing of the bottom part of the mould. When the 
mould is ready for closing, the drawback is returned in a similar manner to 
that followed for effecting its removal, that is, it is lowered vertically down- 
wards at some distance from the lower part of the mould and returned to its 
position in a horizontal direction. The two stakes at the bottom and the 
notches at the top act as guides in returning the drawback. Evidently, when 
casting this mould, there will be considerable pressure at the bottom of the 
drawback, and the least possible movement will result in a casting thicker 
than the pattern. Comparatively little movement will result in a waster 
casting. It has been shown that in the case of false cores, or small drawbacks, 
the sand cut away to allow of removal of the core must be made good in order 
to give a solid backing to the core or drawback. So, in the present case, the 
drawback must be firmly secured in order to resist movement due to the 
pressure generated by filling the mould with liquid metal. However, owing 
to the depth of the drawback and its inclination, the conditions are more 
severe than in the comparatively simple cases already outlined, and a 
backing of sand only will be insufficient. Therefore, an iron plate is solidlv 
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bedded against the side at the back of the pit, and from this plate 
the bottom plate of the drawlmck is securely wedged by means of bars 
and wedges. A course of sand is compactly rammed over these bars, and 
a plate then bedded on the drawback corresponding to that at the back of 
the pit, and the two plates wedged as before. The whole pit is then com- 
pactly rammed with sand, level to the top of the drawback. The top 
part is returned to position, weighted down, and the mould made ready 
for casting. 

The procedure advocated for binding the drawback in position may seem 
elaborate. As a matter of fact, it takes comparatively little time and avoids 
a considerable amount of risk. It must be remembered that a drawback on a 
bedded-in job receives no support from the sides of the bottom part. When 
a bottom part is employed, a drawback can imdoubtedly be maintained in 
position by a solid backing of sand between the drawback and the side of the 
box. Where a bottom part is not used, as in the case of a deep drawback, 
the outward pressure must be resisted by supporting the drawback from a 
solid and unyielding support. Rammed sand alone is insufficient for this ; 
hence the reason for solidifying the back of the pit by bedding a plate up 
against it and wedging the drawback from it. 

Sufficient has been given to show the applicability of drawbacks; they 
are used on many forms of engineering castings, and more especially in 
machine-tool work. For instance, the sides of a mould forming a lathe bed 
are often made as drawbacks, which provides for any projecting portions and 
at the same time allows easy access to the mould for finishing. The latter 
aspect is of some moment, and certain castings of deep and narrow section are 
often made with drawbacks simply to give access in finishing the mould and 

fixing cores. 

A further aspect of drawbacks is found in substituting them for deep lifts 
in the top part. Thus fig. 81 may, alternatively, be made by means of two 
drawbacks instead of the two deep lifts as shown. For drawbacks of this 
character a long piece of cupola coke, roughly broken to the required form and 
clay-washed, forms an admirable stiffening support and lifting medium. In 
pthor rjLst'^, \\\ oixler to avoid a deep lift, a cast-iron frame or pocket may be 
iij««hI l^ht-'nc rrnines are usually tapered, and the side coming against the 
mtU«ni is o|MiL A good example of the use of such a frame is found in 
fiir 9-'* n'prortriiting a rectangular casting with an outlet pipe placed some 
d^tjuu'i' >>rlow the joint. If this mould, . jointed as shown, were lifted in 
Uie Xw W\. i>\Ning to the square sides of the pattern a bad lift would 
iTi«vltJil4,v fnllnw. But if that portion of the mould overlying the top half 
af tlji' oijtk't |iii>e is made as a dmwback, a clean parting is readily obtained. 
To i^fet ibiH the joint is made as shown, and a cast-iron pocket fitted in, 
with tho cip'ii ^ide to the ptitteni. This is rammed and treated as a draw- 
T ick. Ah tht* tiiinge on the pii)e is loose and in halves, when the drawback 
|» lifted it luiiv be eased by drawing it slightly away from the pattern. 
Thift Kivi'K iL il'-'an parting, because, as the drawback moves from the 
mtteio. 1 l»e stiuare sides of the latter do not adversely affi3ct the character 

"-"Iding in Three-part Boxes.— The use of a mid part was indicated 

x\\m\\i the moulding of a pipe on end. Where a mid part is em- 

livitii'<l imttern is necessarily re(|uired. As an example, the two 

ho pip3 were loose and the i>attern therefore in three pieces. The 

lar oxnmple of threo-part moulding is found in sheave wheels or 
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Fig. 92.— Pocket Drawback. 



similar castings having the diameter of the rim less at the centre than at the 

outer edges. These patterns are divided through the centre, as in fig. 93, the 

halves being dowelled together in order to ensure a true fit. When moulding, the 

bottom half of the pattern is bedded on an oddside, rammed up, and turned over. 

The flat joint is made down to the outer edge of the rim of the pattern, the top 

half of which is then placed in position and weighted down. The mid part to 

carry the groove of the sheave is clay-washed and placed on the bottom part. 

As this mid part has to carry a certain 

amount of sand, and has no central 

support, it should be free from spring, 

and its stability may be increased by 

wedging in four bars parallel with the 

sides, but as near to the pattern as 

possible. Sieved sand is tucked into 

the groove of the pattern, the weights 

on which prevent the top half from 

being forced upwards. In the centre of 

the groove a row of clay-washed sprigs 

or pieces of nail rod are bedded, receiving 

support from the bars fixed into the 

mid part. Tucking is continued until 

the upper edge of the sheave is reached, 

and the outer portion of the mid part 

is rammed and jointed. The arms of the sheave are then jointed and made 

ready for ramming the top part. After removing the top part, the upper half 

of the pattern is drawn, which leaves the mid part free for removal. After 

lifting the mid part, the lower half of the pattern is dijiwn, the mould 

finished and closed by returning the mid part and the top part. Sheaves 

are usually gated by means of a plump gate on the boss at the side of the 

central core. 

In jobbing foundries, patterns are not always available, and moulds have 
at times to be made from old castings. Thus, if a mould has to be made from 
an undivided sheave, it may be 'moulded in a two-part box, the groove being 
cored out by a series of drawbacks, each of which forms the segment of a 

complete core or drawback, or, 
instead of this, the groove may 
be filled in by a wooden core 
print and dry sand cores made 
in segments to fill the print. 
This involves making a core box. 
This method is often applied to 
legitimate patterns; but as the 
cores for sheaves of large diameter have necessarily to be made and placed 
in the mould in segments, the groove is liable to be out of truth, and, at 
the best, a joint will show at each division of the core. Only comparatively 
small sheaves may be cored out by means of a complete circular core, 
and the larger the diameter of the sheave the greater the division into 
segments. 

In moulding a sheave by the method first given, the purpose of the mid 
part is to lift away the sand overlying the l)ottom half of the pattern, in order 
to permit of its removal from the mould. If the halves of the pattern can be 
drawn away from each other, then the necessity for a mid part vanishes. In 
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Fio. 93. — Divided Sheave Pattern. 
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practice, this is achieved by moulding in a two-part box and regarding each 
half as a top part for the time being. In other words, by means of a "double 
turnover," the mid part may be dispensed with. As before, the lower half of 
the pattern is bedded on an oddside, and the bottom half of a moulding-box 
placed over it. This part is temporarily converted into a top part by wedg- 
ing in cross-bars, in order that it will permit of its being lifted directly off the 
pattern. A runner peg is placed on the boss of the pattern, and the part 
rammed up and turned over. The joint is carried down to the bottom of the 
groove, the upper part of the pattern placed in position, and the groove 
tucked in with sand and stayed by means of sprigs. The second joint is 
carried to the box edge, and the arms of the sheave jointed and made 
ready for the top part. This part is rammed without a gate peg, lifted off, 
turned over, and finished. The upper part of the pattern is drawn, and 
the exposed parts of the mould finished. The top part is then returned, 
the two boxes cramped together and turned over, thus bringing the part 
with the gate uppermost. The gate is cleared from the loose sand, and 
this part lifted off, thus giving access to the remaining half of the pattern. 
This half is then drawn, care being taken to prevent any loose sand falling 
into the lower part of the mould, the latter finished and closed ready 
for casting. 

This method, known as a double turnover, or a tumbling core, is applicable 
to many split patterns in which the outside diameter is smallest in the middle. 
A limitation is only found when the weight of the half pattern is such as to 
crush the sand when turning over for the second time. This at once 
negatives the use of heavy metal patterns, but comparatively large wooden 
patterns may be used in this manner. The halves of the box being in perfect 
contact when being turned over, the core forming the groove cannot move, 
and it is thus maintained in its true position. 

Other methods of eliminating the mid part, or at any rate lessening the 
labour connected with it, are worth noting. Fig. 95 represents a type of 
small castings often met with ; in dividing the pattern, the upper part and 
stem should be in one piece. The lower part is jointed level with the joint 
of the bottom part of the box, the bulk of the pattern thus coming into the 
top part. Sand is then tucked in between the two parts, and a second joint 
formed, as shown in fig. 95. The top part is rammed and lifted off, leaving 
the whole of the pattern in the bottom part. The upper part and stem are 
drawn, taking care not to disturb the sand core. The joint of this core is 
then clay-washed, and the top part returned and lightly pressed. On again 
lifting the top part, the whole of the core will come with it, thus allowing 
for the removal of the bottom part of the pattern. This particular method is 
only applicable to comparatively light iron or brass castings, but it is largely 
followed in moulding ornamental fruit dishes, stands, card and ash trays, and 
similar articles. 

Fig. 96 shows a type of pattern which, if moulded with the small flange 
uppermost, may have a comparatively small top part, the mid part in reality 
becoming the top part. Such a pattern would ordinarily be moulded in a 
two-part box, the upper part taking the whole of the upper portion of the 
pattern, and being of such a depth as to reach the top of the small flange. 
This flange is jointed and covered by a small box some two or three inches 
larger than the flange. This box practically takes the place of a removable core, 
and, although it does not avoid having a joint, it does save a certain amount 
of niraming. Before removing it, marks are made to serve as guides for its 
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return, or whitening may bo shaken on the four corners, which will serve the 
same purpose. 

After removing the loose flange, the remainder of the pjittem should be 





Fio. 95.— Two-joint Casting in 
Two-joint Box. 



Fio. 94. —Sheave Mould. 

lifted with the top part, as, owing to the straight boss, a good lift from the 
pattern would be sutiicient. On turning this part over, the pjittem is readily 
drawn from it. When closing the mould for casting, the lower boxes are 
cramped together, and the small top part 
must be weighted down with loose weights 
or cramped by passing two bars over it 
and cmmping from the ends of these bars 
on to the main box. 

Assuming that fig. 96 is moulded with 
the small flange down, then a bottom 
part deeper than the pattern and a shallow 
top part are required. After bedding the 
pittem on the top part as an oddside, the 
bottom part is rammed up until level with the small flange, aroiuid which a 
joint is made. Two flat pieces of dry sand core or loam cake are then fitted 
to cover the flange and have a good bearing on the sand joint. Each of 

these cores must be 
recessed to take half the 
core print ; and when 
the two are in position, 
they should exactly fit 
the print. After fitting 
the cores, the flange is 
drawn, leaving the print 
in position. The cover- 
ing cores are returned, 
care being exercised to 

avoid the entrance of 

I loose sand into the 
* flange. Ramming is 
continued over the cores 
until the bottom part is 
ready for turning over; the further treatment is the same as that of a 
single- join ted casting. Other examples of covering cores, so as to avoid mid 
parts, are afforded by patterns having L or T-shaped brackets. As a simple 
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case, a bracket on a flat plate is selected, and an examination of fig. 97 will 
show the method of moulding. It may be noted that the sand pocket forming 
the bracket will require stiffening with nail rod. The covering core is 
applied precisely as in the former case, that is, the flat part of the bracket 
is drawn when ramming up the bottom part, and covered with a core, ramming 
completed and the part turned over. It will also be remembered that covering 
cores were used in the case of moulding a box part to form the snugs. 

In examining figs. 95 and 96, the thought will naturally suggest itself — 
why not divide the patterns along the length of the stem or the boss, and 
mould them as single-jointed patterns 1 This, of course, could be readily done 
with fig. 95, assuming the lower face to be plain ; but, as noted, the method 
given is chiefly applied to ornamental work which demands a vertical draw. 
Castings of the type shown in fig. 96 often have ribs connecting the lower 
plate with the boss, and, further, the plate itself may have to be cored in 
several places. 

Coke Beds. — Some reference to the practice of bedding-in has been made, 
and it has been stated that such a job is vented from the joint. However, 
when the size of the pattern is too large for effective venting from the joint, 
recourse must be had to a coke bed. To some extent this is simply an 
extension of the ash vent of a core, and the object is to provide a porous bed 




Fig. 97. — Use of CoveriDg Core on Bracket " 

some distance below the mould into which the mould gases may be drawn. 
Vent pipes leading from several points of the bed into the atmosphere offer 
a means of igniting these gases, thereby drawing them from the bed under 
the mould. Fig. 98 gives a section through a coke bed, showing vent pipes 
at each end. In making the bed, a trench is dug out some 16 or 20 
inches deeper than the pattern. The bottom of this trench must be rammed 
hard with the flat rammer, in fact, it cannot be too solid. Over this a layer 
of roughly broken coke is spread to a depth of 6 inches, and the flat rammer 
passed over it. This is then roughly levelled off* with smaller pieces of coke, 
and the vent pipes (ordinary wrought-iron tubing of 2 inches internal 
diameter) inserted in such a position that they will readily clear the top part 
and yet draw the gases from the coke bed. On the smaller coke a thin 
layer of straw is spread, and the bed is then ready for ramming with sand. 
This is effected in courses, the lower ones being compactly rammed so as to 
give a resisting backing of sand to meet the pressure of casting. It may be 
here noted that a covered bed will admit of harder ramming than an open 
one ; and in a way this is fortunate, since liquid pressure is greater with a 
covered mould than would be the case if the mould were open. The actual 
depth of sand over the coke bed varies according to the contour of the pattern, 
but is usually such as to leave about 12 inches between the straw covering 
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and the lowest portion of the pattern. When a depth of 9 inches has been 
reached, straight edges are bedded in, levelled, and set to give the requisite 
depth of sand. Sand is rammed along the edges of these strips to maintain 
them in position, and ramming is continued between them imtil a height 
of about half an inch from the top has been reached. The whole surface of 
the bed is then pierced with J-inch vent wire, each vent reaching well 
into the coke bed. This venting must be thorough, because the sand has been 
rammed comparatively hard, and thereby rendered more or less impervious, 
and must therefore be artificially opened by the vent wire. • After venting, a 
layer of facing sand is spread over the surface of the bed and solidified by as 
light a ramming as the weight of the casting will admit. When strickled off 
level with the straight edges, the bed is ready for setting the pattern in 
position. 

Instead of venting in the way described, ramming may be carried up to the 
top of the straight edges, the bed strickled off and then vented. Each vent is 
carefully closed by means of the fingers, a light layer of sand thrown on again 
and strickled. The object in both cases is to close up the head of the vent so 




Fig. 98.— Coke Bed. 



as to prevent the entrance of metal into it- Just as in venting a turned-over 
job the vent wire should not jab into the pattern, so, here, each vent should 
serve as a channel for the escape of gases. It cannot be too strongly asserted 
that this purpose is most effectually destroyed the moment any fluid metal 
enters the vent. Hence, the ideal is to have a series of passages, separated by 
a thin stratum of sand from the fluid metal, leading down to the porous coke 
bed in which the gases may be collected and drawn off by means of the vent 
pipe. To prevent loose sand falling down these pipes and thereby choking 
the bottom, their tops are loosely plugged with tow or shavings, which, on 
casting, may be ignited by a red-hot skimmer, and serve in turn to light the 
escaping gases. 

Whilst the coke bed provides a most effective means of venting the lower 
surface of the mould, it does not directly affect the sides, and these, if of any 
depth, are usually vented by sending the vent wire parallel with the pattern 
at a distance from it of an inch or thereabouts. These vents are led off from 
the joint by means of channels, as illustrated in fig. 69. 

One coke bed will serve a series of similar castings but it is false economy 
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to make one bed serve for dissimilar castings ; and it is always advisable, on 
completing an order, to take up the bed, riddle out the whole of the coke, and 
fill in the pit again. 

Naturally, the coke bed must be laid on an unyielding foundation of sand ; 
hence the reason for hard ranmiing the bottom of the dug-out trench. With 
very heavy castings and a doubtful floor, it is always safer to bed a heavy loam 
plate as a foundation on which to lay the coke bed. Such plates also offer 
facilities in binding the moulds for casting. It is also obvious that a deep ^t 
must not act as a well for the accumulation of water, an important point in 
foundries situated near the surface water level, since it must be remembered 
that fluid metal and water never take kindly to each other. 

Additions to Top Part& — In green stuid work by means of bedding in, 
drawbacks, or Covering cores, intricate castings can be made irrespective of the 
boxes available. However, the top surface of these moiUds must be covered 
by means of a top part, and it may be that in one direction or the other the 
parts available are too short for the length or width of the pattern. Two or 
more top parts may be employed to cover a bedded-in pattern. In this case 
the parts butt against each other, if possible ; but it may be that lifting 
handles, snugs, or even fitting strips prevent this. If so, the space between the 
two boxes may, if the pattern has a flat upper surface, be covered with a flat 
core after the two boxes are in position, rammed over with sand, and weighted 
or wedged down from the ends of the boxes. In the event of the pattern 
not being flat, a drawback is made between the two parts to take the place of 
the covering core. When the boxes butt together, there will almost certainly 
be a space of greater or less magnitude through which molten metal would 
leak, on casting. This space is first of all filled in with tow, pressing it doyra 
with a cleaner, but not into the mould. Sand may then be firmly tucked 
between the boxes, the tow preventing its entrance into the mould. It may 
be noted that when two or more boxes are used to cover a mould, the 
junction of the boxes should not give a metal bearing on the pattern. This is 
readily prevented by raising the joint so that the boxes clear the pattern. 
ShoiUd snugs fall between the junction, they should be arranged to lie over 
the joint, and not on the pattern. There will necessarily be more or less fin 
between these junctions, but with care this may be kept within narrow limits. 
Heavy fins are dangerous, as they retard contraction, and, by binding against 
the top part, prevent freedom of movement in the casting. This, of course, 
may be obviated by removing the top parts soon after the solidification of the 
casting. 

Complete moulding-boxes may be temporarily extended by cramping on 
pockets of wood or cast-iron. For example, in stove-grate moulding the legs 
of a register front may be carried through the box, and wooden frames of 
sufficient size to cover this projection cramped on to top and bottom parts. 
This involves breaking away some portion of the box joint in order to let the 
pattern come through. 

Stopping OflF or Extending Patterns. — In work of a non-repeat character 
alterations to existing patterns are frequently necessary, and these have in 
many cases to be effected in the sand by the moulder. Taking the simplest 
aspect of the case, if a 12-inch square plate is wanted, and only a 14-inch 
square pattern is available, then, after completing the mould, by stopping off 
2 inches from two sides the requisite size is obtained. Stopping off simply 
implies carrying the joint forward to the required extent, and is effected by 
laying in a straight edge and filling the intervening space with sand to the 
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height of the joint. On the other hand, a 14-inch plate may be required from 
a 12-iuch pattern, and this is effected by laying 2-inch strips on two sides of 
the pattern. These strips should have the same thickness as the pattern. 
In the case of plain work, but of irregular contour, strips of lead are bent to 
the same form as the pattern, and serve for either extending it or making 
up strips for stopping off. If a straight edge or bent strip cannot be laid 
on the face of the mould, as on ornamental surfaces, a thin stopping-off 
plate, practically a knife edge, is used. This will not disturb or disfigure the 
details of the ornament. 

In many cases a sheet-iron frame may be used to give the outer edges of 
a pattern, as in fig. 99, which 
represents the sweep for a fire 
grate. These grates, when of an 
irregular size, are made from a 
large standard grating. On com- 
pleting the actual moulding of this 
grate, the position of the sweep is 
marked, and it is then set back to 
a distance corresponding with the 
thickness of metal required on the 
front edge. The curved part of 
the sweep is then lightly marked Fio. 99.— Template, 

on the cores forming the bars, the 

ends of which are cut away to these marks. The sweep is then returned to 
the position marked and sunk down to the bottom of the grating, the cores are 
cut away parallel with the sides and back to give the requisite thickness, which 
has been already obtained for the front, and the mould is cleared of loose 
sand. The outer edges of the sweep are made up to the level of the joint, the 
sweep drawn, and a gate cut. The top part is tried on with the object of 
noting if the thickness of the joint is correct, and also of noting the cores which 
have been cut away. This is facilitated by shaking rosin or whitening on the 
bottom part before trying on ; after lifting off the top part, distinct marks will 
be shown where contact has been made. Thus, if the joint is correct, its outline 
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Fio. 100.— Stopping Off a Flange. Fio. 101.— Stopping Off One Side of a Casting 



will be shown on the top part ; if too thick, the bottom part will be crushed ; 
and, if too thin, no outline will show. Where the cores have been removed from 
the bottom part will also be indicated on the top part, and this portion should 
be smoothed over so as to take away sand marks on the plain surface of the grate. 
Fig. 100 shows a method of stopping off a part of the flange on a flat 
casting. In jointing, a strickle is cut so that when slid on the top of the 
flange a joint is struck giving the height required in the flange. The tapered 
side of the flange is then filled in, as shown, in order to obtain a good lift. 
After lifting off the top part, the flat joint serves as a guide for filling in the 
flange to the required depth. Fig. 101 is another illustration of the same 
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principle applied to stopping off a portion of the side of a casting, as, for 
instance, the inside of a fender curb, in order to fit over a tile hearth. This 
is jointed, as before, down to the depth required to be cut off, and the flat 
joint is used as a guide in filling up the top part. 

When bosses, or cylindrical castings moulded on end, have to be cut in 
the sand, a good plan is to mould the pattern as a three-part job, sinking it in 
the lowest part to the depth required to be stopped off. This is facilitated by 
marking the circumference of the pattern and using this mark as a guide for 






Fig. 102.— Stopping Off Part of Boss. 



Fio. 108.— Filling-in Pieces. 



jointing. In fig. 102 the portion of the pattern bedded in sand has to be 
stopped off; on completing the mould, this is effected by filling in to the level 
joint there shown. Before filling in, the core should be set in its print. 
Circular castings moulded on the flat, when required of shorter length than 
the pattern, need a filling-in piece in order to obtain a new print for the 
core. These pieces, as in fig. 103, may be either flanged or not, and are made 
exactly to fit the pipe. When set in position, a new flange and core print are 
readily formed in both halves of the moulding-box. 



CHAPTER XIII. 

SEGUEINa GOEES IK MOULDS. 

Thb irons and vents in a core, as has been indicated in Chapter IX., give 
stability in thiB one case and in the other act as a channel for the escape of 
the gases contained in the core. It will also be remembered that when 
discussing moulding sands in Chapter III. it was stated that molten metal 
would not remain in an impervious mould, because the gases would find a 
path to freedom by ejecting the metal through any available outlet, as, for 
instance, through runner or riser. It has also been shown that the gases 
generated in a mould on casting must be drawn through the sand, and that 
the natural porosity of the sand must, in certain cases, be intensified by 
artificial venting. Such conditions also hold good for cores, i.e, the porosity 
of the sand must be further increased by vents or channels to draw away the 
gases generated within the core. Practically, all cores are dried before use ; 
they therefore contain no added or hygroscopic water which will generate 
steam, as is the case with a green sand mould. The authors, however, have 
met certain moulders who contend that a dry core will not, when heated, give 
ofi^ any gas, and who further state that the reason for venting a core lies in the 
fact that gases given off by the molten metal are drawn through the core ; but 
in justice it must be stated that these views are held by a few only. 

In examining facts, the first feature of note is the almost complete 
surrounding of the majority of cores by fluid metal. As a consequence, the 
core is heated to a very high temperature ; thus, in the case of yellow brass, 
the temperature reached will vary from 950' C. to 1100' C; with gun-metal 
or bronze it will vary from 1000' C. to 1200' C; with normal cast-iron the 
temperature will range from 1300' C. to 1400* C; and in the case of steel from 
1550' C. to 1650' C. The point, however, is not one of mere degrees of heat, 
so much as the fact that the temperature is sufficient to bum the sand of the 
core. It has been shown that burning, in the case of sands and clays, is 
accompanied by an evolution of combined water, and at these temperatures 
this evolved water is necessarily in the form of steam, which forms one source of 
gas generation. Another source is the organic and carbonaceous matter 
present in all sands, for example, horse dung, core gum, coal or coke dust, etc. 
To the carbonaceous materials must be added the facing on the exterior 
of the core, which, whether it be plumbago or a blacking of charcoal dust 
or coal dust, will inevitably generate carbonaceous gases. 

Dry cores must, therefore, be regarded as capable of generating gases at 
temperatures exceeding a red heat ; further, if this gas is not drawn through 
the core it will pass through the fluid metal. In this respect it must be 
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remembered that the generation of gas in the interior of a mould offering no 
free paiwage for itM e»ea|K' \» etjiiivalent to an explosion, the intensity of which 
varies according to the amount or volume of gas generated and to the 
rapidity with which it is formed. Thus, in a mild case, the metal in rumier or 
feeding heads gives a slight " kick " and settles down. In an extreme case the 
mhole of the fluid metal alwve the source of gas generation is ejected. Such 
an ejectment is the result of one discharge of gas, which, however, in ejecting 
the metal, breaks it up into shot, thus extending the danger area, and, ui 
certain cases, giving the appearance of a series of explosions. In many eases 
this ejectment of molten metal has been attended by fatal results, and, apart 
from the loss of castings, the risk of personal injury, or loss of life, is such as 
to demand the utmost care in providing for a free escape of all gases 
generated within the mould and its cores. 

Turning to the second point, that fluid metal gives off gas, just suflScient 
tnith lies in this contention to make it dangerous when used as an argument. 
However, the moulder need not trouble or try to eliminate any gases evolved 
by fluid metal, for nothing he can do to the mould will achieve this end. 
Gases contained in fluid metal, that is, occludcKl gases, cannot be drawn away 
by core or mould vents. Further, properly melted, deoxidised, and well-killed 
metal will not be fiery or evolve gases. It need hardly be added that, after 
taking the trouble to make a mould, only suitably melted metal should enter 
it. In every case within the authors' personal experience, the discharge of 
molten metal from a sand or loam mould could be definitely traced to a fault 
in the mould or its cores. The word " fault " is used advisedly, for it is always 
due to the generation of gas (a term including steam) for which no escape has 
been provided, or the easy escape of which is prevented by the usual outlet 
having become choked. 

Fortunately for the moulder's longevity, violent ejections are compara- 
tively rare ; the milder forms, however, are not so rare, and, if nothing more, 
they tend to risk the loss of a casting. The kick previously described indicates 
the passage of gas in the wrong direction, that is, into the metal instead of 
through the mould or core. It may be thought that the gas having, by 
means of the kick, found freedom, that the metal will settle quietly down 
again. This, however, only occurs in a few fortunate cases. Generally a 
casting which has kicked will contain a few or many blow-holes along the 
path followed by the gas. Blow-holes not due to the nature of the metal are 
simply trapped bubbles of gas or air, which may, or may not, be detected on 
machining the casting. If undetected, it constitutes a source of weakness, 
and, to some extent, is always an element of danger to the working life of 
the casting. 

Evidently, then, as cores give off gas when heated, and as, in the majority 
of cases, all but the extremities of the cores are surrounded by fluid metal, it 
follows that not only must the core be vented, but also that the gases gener- 
ated in the core and collected in the vent must be dra\vn away through the 
moidd. This practice is summed up in the term " leading off the vent " ; in 
other words, leading the core vent through the moulding-box, so that, on cast- 
ing, the gases evolved by the core may be lit outside the box. With cores 
run up on barrels, the latter often project through the box, thus communica- 
ting directly with the atmosphere ; hence, no leading off is re<iiiired. In such 
a case, the end of the barrel is lightly packed with shavings, which are lit on 
casting, and serve to ignite the gases evolved. In the case of sand cores set 
in a vertical position, the vent is most conveniently brought through the top 
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part of the moulding-box, as illustrated in fig. 94. To lead off a vent in this 
way usually means that, in moulding, the core print is carried through the 
top part, as indicated when describing the moulding of a pipe on end. With 
an open print of this character, a rod may be inserted in the vent of the core, 
the edges of the core packed with tow, and the print filled in. On removing 
the rod there is a clear commimication between the core and the atmosphere. 
Sand cores set horizontally in the mould have their vents led away through 
the joint. Thus, assuming perfect contact between core and print, all that 
is necessary is to scrape a channel along the joint, and to lead the vent of the 
core to the box edges. Such an assumption is, as a rule, perfectly safe in 
repetition work, in which patterns and core boxes correspond exactly to each 
other. In jobbing work this correspondence does not always occur, and it is 
quite possible that cores may be slightly smaller or fuller than the prints. If 
small, metal will get between core and print, possibly* entering the vent, 
thereby destroying its purpose as a channel for the escape of gases. A choked 
vent is worse than no vent at all, and a . blown casting will certainly be the 
result. Not only so, but the metal will pass along the channel cut for leading 
off the vent, and so cause a run out, which, of all foundry mishaps, is the 
most vexing and the least excusable. On the other hand, if the core is full, the 
moulder will have to card it down to fit the print, and the chances are that he 
will card it slightly smaller than the print, in order to prevent a crush. 
Therefore, in doubtful cases, the safest plan is, after fixing the core and cut- 
ting a channel, to place a string in the core vent, leading it along the channel 
and over the box edge. The channel is filled in level with the joint, and the 
string drawn after closing the top part. If this plan is followed, even if meta 
does get between the core and print, it cannot enter the vent. With cores, 
having ash vents, a larger channel is cut in the joint, loosely filled with small 
coke, and the joint made good as before, thus continuing the vent of the core 
right to the edge of the box. In this respect, it may be noted that the joint 
betw43en two parts of a moulding-box is neither air- nor gas-tight, and the 
gases evolved by a core will readily escape through the joint. 

In certain cases it is necessary to lead the vent through the bottom part, 
which, if level with the foundry floor, may be managed by means of the vent 
wire. A series of vertical vents are made in the print before placing the 
core; and these are in turn connected with a series of horizontal vents 
pierced between the bottom of the box and its bed. When the casting is 
bedded in the floor, such vent should be led down to a coke bed. Bottom 
venting of cores should always be a last resort, as, wherever possible, all core 
vents should be led through the top part, or, failing that, through the joint. 

In a composite core, vents may have to be led from one core to another ; 
therefore, in fitting them in position, every care should be taken to see that the 
vents are clear, and that contact between the two cores is such that no metal 
can get between them so as to destroy the vent. If the separate cores fit into 
one another by means of prints, a safe and continuous vent is easily achieved. 
When two cores butt one against the other, it is safer to have separate vents, 
the vent holes at the point of contact being closed, or filled in with a mixture 
of plumbago and oil. 

In all cases in which moulds are rammed in a pit before casting, care must 
be taken to see that all core vents are brought to the surface by means of 
tubes. Finally, although many examples cannot be considered in detail, it 
will be seen that the whole secret of core venting lies in having a clear 
passage right through the core to the atmosphere, and that precautions must 
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be taken to avoid choking this passage during casting. Whatever method 
will most readily secure this end must be adopted ; but the method will, of 
necessity, vary according to the character of core and mould. When casting, 
all core vents are lit by applying a red-hot skimmer at the place where the 
vent issues from the mould. 

Quite apart from venting, important points with cores are that when fixed 
in the mould they must be true to position and perfectly rigid. Perfect 
truth is readily obtained when prints and cores exactly correspond, and, in 
such a case, all that is necessary is to maintain the core in position during 
casting. Where such truth is not found, the cores must be centred in the 
mould ; this can often be effected by means of calipers. 

Practically, all cores set in a vertical position may be centred from the 
sides of the mould ; but when calipers cannot be used, as in cores set in a 
horizontal position, the thickness of metal must be tested by means of small 
balls of clay. Thus, balls of clay are placed in the bottom part of the mould 
at all points of which the thickness of metal is desired, and the core placed in 
position. Similar balls of soft clay are placed on the upper part of the core, 
and the top part fitted on. On removing the top part, the thickness to which 
the bails of clay have been squeezed will give an index as to the thickness of 
metal, similar information being gained on removing the core from the bottom 
part. Any locally thin parts are remedied by carding the core with a card 
wire, or thickening the mould according to circumstances. If the prints are 
too ea«y, the core must be raised in them by just half the amount of difference 
between the print and the core. This naturally involves packing, and the 
material so employed may be plumbago and oil mixed into a paste, a thin 
layer of sand, or thicknesses of brown paper. If the print is smaller than the 
core, the latter must be carded down to size, or a cnish will follow. These 
remarks apply to cores sitting in horizontal prints ; vertical cores are tested 
by calipers, and directly centred from the moidd. It may be noted that clay 
balls may be made to adhere on the sloping sides of a core by small tacks, or, 
in certain cases, tacks ma}'^ be used alone, the thickness being taken from the 
length of tack projecting after fitting on. 

Having attained the right thickness, or centred the core, the next point 
lies in maintaining it in that position during casting. In other words, the 
core nmst be so stayed as to resist flotation and the washing action of a stream 
of fluid metal. Short cores in a vertical or horizontal position are sufficiently 
stayed by top and bottom prints. A point worth noting is that horizontal 
prints of green sand moulds must be of sufficient strength to carry the weight 
of the core on one hand ; and, on the other, of sufficient stability to resist any 
upward .movement of the core when casting. 

Hence, it is often advisable to strengthen a short print by bedding an iron 
across it when ramming-up bottom and top parts. Some types of valve and 
cock cores may he made with ball prints, thus giving a good l)earing in the 
print and a heavy body of sand to balance that in the moidd. 

Long cores carried by two opposite prints, when cast in a horizontal 
position, tend to lift in the centre. This will occur in cores of length, no 
matter how firmly the prints are secured ; hence, the metal on the top of the 
casting will be thinner and that on the bottom thicker than desired. In an 
extreme case all the thickness will be on the bottom, and the top at the 
centre of the casting entirely cut through. This introduces the use of 
chaplets, studs, and pipe nails. The last are simply iron nails, with large flat 
heads, and tinned in order to prevent rusting. They are used in steel and 
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iron moulding, whilst flat-headed copper nails are used in brass and bronze 
moulding. Chaplets are formed from sheet-iron, brass, or copper, according to 
the class of casting. They are formed of two plates, rivetted together by a 
pin, the distance apart of the plates being varied to suit the thickness of 
metal between core and mould. Pipe chaplets are circular discs of sheet-iron 
into which a long stem is rivetted. Types of chaplets, etc., are shown in fig. 
104, and their use will be indicated in a moment. Studs are chiefly used in 
brass moulding. They may be either turned from rod, or cast in the form of 
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Fig. 104.— Chaplets. 

sprays. Before use, they should be thoroughly cleaned from adhering sand. 
Sheet-iron chaplets of various sizes are stocked by all foundry supply houses, 
but the authors have always had to make their own copper chaplets. Such a 
one is shown with the pin carried through the plate, in order that the chaplet 
may be nailed on to a sloping core or mould. Studs, when used on sloping 
surfaces, are tacked in position by means of small tacks. 

The purpose of a stud, chaplet, or flat-headed nail is to maintain the core 
in position during casting, but, obviously, the insertion of a chaplet between 
a dry core and a green mould will not achieve this end ; for, when pressure is 
applied to the core, it will lift and force the chaplet into the yielding sand. 
For similar reasons, a chaplet cannot be used alone on a green core. The 
chaplet, to fulfil its function, must have direct contact with an unyielding 
substance ; and, whilst a dried core may be regarded as firm, a green mould 
cannot be so viewed. Herein lies a matter of great importance, second only 
to that of venting. The authors find that, as a rule, far too much time is 
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given to placing chaplets in a mould and far too little to securing an adequate 
support for them. As an axiom, it can be taken that the fewer the chaplets, 
the better the result, provided each one is effective, and that an ineffective 
chaplet should never be placed. To secure effectiveness, the golden rule is 
metal to metal, that is, the chaplet is continued by metal to the top of the 
box, where it may be either weighted or wedged into an immovable position. 
In the case of bottom parts, a solid bearing is obtained by ramming-up or 
bedding-in metallic packing in places where chaplets have to be placed. A 
similar end is attained by bedding a block of wood in the bottom part into 
which a pipe nail may be driven. This nail may be driven flush with the 
face of the mould, and a chaplet laid on it, or it may be left projecting to the 
extent of the thickness of the metal required. With cores cast in a horizontal 
position, the greatest lifting pressure is below the core ; hence, the top of the 
core requires the most attention in securing. The position of studs or 
chaplets placed on a core is noted by means of whitening and trying on the 
top part of the box. On removing the top part, the position of each stud is 
shown by the whitening, and a hole is pierced through the centre of each 
mark. When the top part is returned, a rod is passed down the hole previously 
made and bedded on the chaplet. The top of this rod is packed with metal 
packing, small plates, etc., to the same level as the top of the box, and a flat 
weight bedded on. With metallic contact throughout, any pressure below the 
core can only lift it when that pressure exceeds the weight placed on for 
holding down. 

Two important conditions must be observed here: (1) the lower side of 
the core must be so stayed as not to yield when its upper side is ohapletted 
down ; and (2) the skin of the core must not be broken, and the chaplet must 
not penetrate the core. These two conditions demand recognition when 
applying weights to the uppermost chaplets. Hence, the weight must be 
bedded on the top surface of the box ; in other words, the load must be 
carried by the box and not by the corfe ; but from the lower side of the weight 
right down to the core there must \ye a rigid support for the top of the core. 
Also, for the same reason, green sand cores must have a metallic projection 
from the core barrel to the surface of the core in all parts on which a chaplet 
has to be placed. 

Weighting down in the manner indicated is effective with the majority of 
small and medium-sized cores, but in many cases wedging is preferable. This 
is effected by wedging a cramp firmly across the top of the box. Between the 
top of the iron leading from the chaplet and the underside of the cramp a 
wedge is inserted and tightened. The latter requires care, for, if the wedge is 
driven too tight, either the core is depressed or its skin iDroken. Weighting 
and wedging are applicable in all cases in which cores are placed in a horizontal 
or an inclined mould. It may be noted that the contour of the chaplet should 
be bent to follow that of the core ; that, in every case, the chaplet should be 
dry ; and that, in green sand moulds especially, chaplets should not lie too 
long before casting. Rusty chaplets are dangerous, chiefly because the rust 
indicates the presence of water. Iron chaplets should always be tinned. 
When an untinned chaplet has to be used, it should be heated to a red heat, 
and allowed to cool before placing it in the mould. Such a chaplet is also 
better for a coat of oil previous to use, or chalk rubl)ed over the surface 
will answer the same purpose as oil, namely, to retard to some extent the 
deposition of water on the chaplet. However, notwithstanding precautions, 
chaplets are often a source of blowholes or unsoundness, especially in the case 
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ef high-pressure steam or water castings. They are, however, a very necessary 
evil ; therefore, all possible care must be exercised when using them. A 
chaplet may be replaced by a solid stud coated with loam, which is removed 
from the casting, and the hole tapped gas thread and plugged. Similarly, 
brass castings may be chapletted down by passing an iron rod on to a brass 
plate bedded on the core. The iron is removed from the casting, and the hole 
plugged. 

With moulds in which the cores are vertical, the necessity for side chaplets 
vanishes. Castings, such as long liners, plungers, and cylinders in which the 
main cores are vertical, require no chaplets, except on branch cores, such as, 
for instance, those of the steam ways of a cylinder. However, other consider- 
ations arise, of which the buoyancy of the core and the necessity of maintain- 
ing it in a central position are of chief moment. A built-up cylinder core, 
when cast in a vertical position, is held down by the top plate ; and as both 
mould and core rest on one foundation plate, the two plates, when tied 
together, effectually secure mould and core against vertical pressure. A 
liner core in a sand mould differs in that its security must be obtained by 
means of top and bottom prints. The bottom prints must, therefore, give an 
unyielding bearing to the core, which is afforded by metallic packing or 
distance pieces from the bottom of the box. If the liner is of equal section 
throughout, that is, a simple pipe, then there will be no upward lift 9n the 
core, further than that induced by its buoyancy. The latter depends on the 
weight of core and barrel and the thickness of surroimding metal. Thus a 
4-inch core, placed vertically in a mould 5 inches in diameter, has less severe 
conditions to meet than a core of the same diameter placed in a mould 
36 inches in diameter. In one case the core is surrounded by J inch of 
fluid metal, which quickly solidifies; and, in the other, by 16 inches of metal, 
which keeps fluid for a considerable time. Considerations of this kind 
show that in all foundry operations judgment must be exercised ; and in this 
particular case, whilst the risk of movement in a vertical core surrounded by 
half an inch of metal can be provided against by prints, these factors become 
less safe as the thickness of surrounding metal increases. A long core having 
a solid bearing in the bottom print may be weighted from the top print 
somewhat after the style of weighting down a chaplet. If the core barrel does 
not continue through the top part, it is lengthened by hollow distance pieces 
and weighted down. In weighting, the vent must not be closed. If the 
barrel projects above the top part, weights are laid on the edges of the box 
for packing, and two bars laid across them bearing on the core barrel, but not 
closing the hole for the vent. Weights are laid across the bars for holding 
down. Assuming the weights to be effective, it will be noted that such a 
core is practically immovable between the metal packing of the bottom print 
and the holding down weights on the top, which naturally should be the case 
for the purpose of casting. After casting, the temperature of the core 
increases, with the result that the barrel expands in accordance with the rise 
in temperature. Therefore, the weights holding the barrel down should be 
removed on solidification of the casting, in order that the core barrel may 
expand in the direction of its length. If the weights are not removed, the 
barrel will buckle as it expands ; further, as the casting is contracting and the 
barrel bending outward, at one part two opposing forces meet each other, and 
such meetings are not good for castings. The point, however, is that, on 
cooling, the barrel will not straighten itself, and will therefore be troublesome 
for future cores. 

8 
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A better method than weighting is found in wedging bars across the top 
of the box, and packing the core barrel to the under side of these bars, again 

keeping the vent open. This packing 
is released on solidification of the 
casting. 

The best method of all, and a per- 
fectly safe one for any class of vertical 
core, is shown in fig. 105. The lower 
end of the core barrel is reduced in 
diameter, and threaded to take a nut. 
A rigid support for the core is obtained 
by using a flat washer, which is packed 
by distance pieces from the bottom of 
the box. This also prevents the core 
from being drawn downwards when 
the lower nut is tightened. On 
tightening this nut from below the 
box, the core becomes rigid ; it can 
neither fall nor rise ; but, at the same 
time, the barrel is free to expand in one 
direction of its length. The method is 
elastic, and it can be applied to any type of green sand, dry sand, or loam 
mould cast on end, and it becomes of enhanced value in cores having inner 
recesses which give rise to an upward lifting pressure distinct from flotation. 
A simple expedient of this kind would, in many cases familiar to the authors, 
have saved castings, and, in at least one case, human lives. 




105. — Method of Binding Core. 



CHAPTER XIV. 

MOXTLDING FROM GXTIDES. 

Moulding, as considered up to the present, involves a complete pattern as a 
prime essential ; and, whilst it has been shown that these patterns will admit 
of cutting or extension in the sand, such alterations have not eliminated the 
actual pattern. Practically speaking, sand moulding cannot be followed with- 
out a pattern of some kind, and in makeshift work the moulder makes his own 
pattern by using guides. The latter may take the form of strickles, templates, 
or frames, giving an outline of the required casting. 

Skeleton or frame patterns are largely used in many classes of heavy work. 
These patterns, instead of being built from the solid, are made up as frames ; 
before moulding, the spaces of such a frame are filled in with sand, and 
sleeked over to the pattern outline. Parting sand is spread over the sand 
face, and the pattern then treated as a solid. As a rule, skeleton patterns are 
more common in dry sand and loam moulding, though, to some extent, they 
are used in green sand work. 

Swept cores serve as good patterns for liners and similar cylindrical 
castings. After sweeping the core to " core size," an additional thickness is 
swept on, corresponding to the thickness of metal required in the casting. 
The dry core is then treated as a pattern, for the time being ; and, if flanges 
or other projections are required, these are made of wood and treated as 
" loose pieces." On removing the " pattern " from the mould, its thickness is 
stripped, and it is subsequently returned to the mould as a core. Strickled 
cores are usually made and finished to core size ; such cores, when used as 
patterns, are thicknessed by means of clay thickness strips. The latter are 
made up in open core boxes of the required thickness, and then fitted over the 
core. Flanges or bosses are temporarily placed in position as loose pieces. 
After completing the mould and removing the core pattern, removal of the 
thickness strips leaves the necessary space between core and mould. A little 
thought will show that these methods admit of very considerable extension ; 
and that a combination of strips of varying thickness, with the necessary loose 
pieces, will enable an intricate casting to be moulded from its own core. A 
swept core rotating in a trestle may be regarded as a solid object in a lathe, 
and therefore may be turned to any required form. These two methods 
admit of the moulding of various types of castings, and, although the skill 
required from the moulder is high, pattern costs afe correspondingly low. 

In certain cases a mould may be built up by cores which are set in position 
on a level bed, and covered by means of a flat top part or by covering cores. 
As an example, a lathe bed may be selected, the sides, ends, and centre of 
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which are formed entirely of cores. These cores are made from frame core 
boxes, and suitable grids provided with lifting eyes are placed in the cores, 
thus permitting of ready handling after the cores are dried. A level bed is 
struck oflF in a floor pit, and vented down into a coke bed. The cores for end 
and sides are partly shown in fig. 106 ; these cores are set in position, as 





Fig. 106. —Side and End Cores for Lathe Bed. 



Fio. 107.— Lathe Bed Cores in Position. 



shown in fig. 107, and backed with sand. Fig. 108 shows one of the covering 
cores, which also form the interior of the bed, giving cross brackets and internal 
lugs. The requisite number of these cores to cover the mould are placed 
in position, and flat plates bedded on their upper surfaces to provide a 
bearing for the holding-down weights. Moulds of this type may be gated 

through the covering cores, or, 
preferably, from the bottom of 
one of the ends. In the latter 
case, ingates are provided in the 
end cores, and connected with 
vertical runner pegs, which are 
rammed up in the sand backing. 
Obviously, this sand backing must 
be of sufficient stability to resist 
outw^ard pressure when the mould 
is cast. The most effective manner 
of securing this is by the use of a 
curbing or a cast-iron frame larger 
than the mould. As this frame 
surrounds the cores, a solid ram- 
ming of sand between it and 
the cores is readily obtained. 
Naturally, no matter how solid 
the sand at the back of the core is rammed, unless this baking has an 
unyielding support, it will fail when the liquid pressure in the mould reaches 
its maximimi. Hence, in this class of work, in which the comparatively deep 
sides of a mould are formed of cores only, the use of surrounding frames is 
most advisable. Such a frame is readily set in position, dispenses with a 
considerable amount of ramming, and renders the mould safe. 




Fig. 108. — Lathe Bed, showing one Covering Core. 
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Although only one example of the use of cores to form a mould can be 
given, others will readily occur to the reader ; and it will be seen that this 
method, as in the case in which cores are used as patterns, will admit of much 
extension. Circular castings may be made by scribing the diameter required 
on a level bed, and setting cores, made as a segment of the circle, to the line 
so scribed. A flat top part would complete such a mould. However, with 
circular castings the more usual plan is to form the mould by sweeping or 
strickling. So far as moulds are concerned, sweeping is simply an extension 
of the methods already given for circular cores, the only difference lying in 
the fact that the mould is stationary and the strickle movable. Thus, a level 
bed may be struck from a strickle attached to an upright spindle working in 
a central socket. Assuming a horizontal 
straight edge attached to a vertical spindle, 
then rotation of the straight edge over a 
bed of rammed sand will sweep a level 
surface precisely in the same manner as 
by means of a strickle working on two 
previously levelled straight edges. The 
tackle required when sweeping a green 
sand mould comprises strickles cut to the 
required shape, spindle and socket. The 
last two are illustrated in fig. 109, and, 
with the top of the socket in a horizontal 
position, the spindle should be truly 
vertical. In fitting up, the socket is first 
set at some distance below the face of the 
required bed, and levelled by means of a 
spirit level. This socket remains in position 
until the mould is cast. Strickles are 
bolted to a wrought-iron arm having a 
boss which fits the spindle and is secured 
to it by means of a set screw. The end 
of a strickle corresponds to the circum- 
ference and the lower edge to the bottom 
surface of a mould. In setting the strickle, 
the distance from its end to the centre of 
the spindle should be carefully adjusted to 
give the diameter of the mould. This is 
regulated when bolting the strickle on to 
the arm of the spindle, and at the same 
time the upper edge of the strickle is levelled by means of a spirit level, in 
order to set it horizontally. Fig. 110 shows a mould swept up by means of a 
strickle, the latter being so cut as to give the bottom, sides, and joint of the 
mould. Whilst it is comparatively easy to sweep flat surfaces, as, for example, 
the bottom and joint of fig. 110, it is not so easy to sweep the straight sides 
of a mould. The usual plan is to pack the sand firmly by hand into a rough 
outline of the required form, working the strickle repeatedly round until the 
finished form is obtained. With very deep moulds the sides may be rammed 
against a guide temporarily placed in position, and finished off with the strickle. 

Fig. 110 shows the method of obtaining the bottom, sides, and joint only 
of a circular mould. Assuming this mould to be for a fly-wheel, then, after 
removing the arm and strickle, a print with a central hole fitting the spindle 




Fig. 109.— Spindle and Socket 
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in paMHed over the latter and bedded in the bottom. This ensures a central 
print for the Ixiss core, and, after obtaining it, the spindle is removed. The 
arms of the wheel arc formed by means of dry sand cores, which also give the 
inner walls of the rim and the outer walls of the boss. These cores are readily 
set in position by means of distance pieces cut to give the rim and arm 
thicknesses. The boss core is set into the central print already formed, 
which completes the lx)ttom part of the mould ; and a flat covering part 
completes the whole mould. 

A similar end may be gained by sweeping a flat bed, scribing on it from 




Fio. 110.— -Sweeping. 

the central spindle the circumference of the wheel, and, by means of a segment, 
ramming up the sides in stages. Dry sand cores are again employed to form 
the central part of the mould. If flat top parts are employed, these may be 
rammed up by placing them on a hard and level bed ; if the joints are not flat, 
the top part must be rammed up from a reverse mould swept from the same 
centre as the lK)ttom part. So far as wheels are concerned, the boss is often 
deeper than the face of the wheel, and note will Im taken of this in the 
following example. As an example of green siind sweeping in conjunction with 
the use of dry sand cores, the case of a spur wheel may be selected. The 

□I I spindle socket is set and 

[ ^ ■- ^ .^ — 5^— — - "=" "" 1 levelled, the spindle placed 

. . \ iF^-'^^^^^^T I— f *^^A in position, and the reverse 

stricklelevelled and bolted 
on the arm. A depth of 
sand is rammed and swept 
into shape by the strickle, 
as shown in fig. 111. The 
spindle is removed and the 
hole plugged with tow, a 
top part is placed over the 
bed and staked for guid- 
ance in returning. Runner 




Fio. 111.— Sweeping Reverse Mould. 



I)eg8 are placed Over the sand projection which forms the boss, and risers are 
placed at intervals where the rim of the wheel will finally come. The top 
part is then rammed up, lifted off", and, after finishing, set on one side until 
the bottom part is completed. 

The tow filling the hole occupied by the spindle is removed, and the 
spindle returned to its socket. The sand forming the reverse mould is cut 
away, and a new bed swept at a depth equal to the width of the wheel face. 
Fig. 112 shows this bed, and it will be noted that the depth is obtained 
by setting the projecting part of the strickle level with the previous bed. 
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This strickle gives a level bed for setting the outer and inner cores, and also 

forms a print for the boss core. After sweeping the bed, a circle is scribed 

from the spindle corresponding to the circumference of the wheel at the 

bottom of the teeth. The cores forming the teeth are made in a core box, 

each core forming a segment of the complete circle. These cores are dried 

and blackwashed on the tooth faces. They are set in position to the line 

already scribed, and, if the 

core box is a correct segment, 

a true circle is obtained. The 

truth of the circle is readily 

tested from the spindle ; if 

correct, the latter is removed, 

and the hole left filled in with 

sand to the bottom of the 

print. The outer cores are 

backed with sand, which 

should be compactly rammed 

in order to prevent outward 

movement. The arm cores 

are set in position by the aid 

of distance pieces, which are 

cut to give the width of 

rim and arm respectively 




Fig. 112.— Sweeping Bottom Part. 



The boss core is set in the print struck when 
sweeping the bottom, which completes the bottom part. The appearance at 
this stage is shown in fig. 113, and all that now remains is to try on the top 
part in order to test its bearing on the bottom part. If the sweeping has been 
true, there should be perfect contact without crushing. On lifting off the top 




Fig. 113. — Spur Wheel Cores in Position. 



part, the position of the vents in the arm cores will be shown, and holes are 
pierced through in order to lead the vent through the top part. 

This method of sweeping gives very true wheels at comparatively low 
pattern cost. As regards moulding costs, swept wheels may, in certain cases, 
be produced at a lower labour cost than when working from full patterns ; 
this, however, is a question solely determined by the foundry equipment and 
the skill of its personnel. 



120 GENERAL FOUNDRY PRACTICE 

Ah regards the applicability of sweeping, practically any object, the outer 
form of which may be struck from a central spindle, can be made. Although 
few examples are given, the applicability of the method will be readily seen, 
the only disadvantage is the non-coherence of green sand, a feature chiefly 
shown on vertical surfaces. Hence, in the case of castings having deep sides, 
sweeping up in loam becomes a more profitable occupation. For flat work, 
and where the sides may be formed by means of cores, green sand sweeping is 
certainly a decided advantage in cutting down pattern costs. 

The limits of space preclude more than a passing reference to many 
methods of moulding, which, though interesting in themselves, to some extent 
lack interest to the general foundry worker. Of these methods we note first 
"reverse moulding," which is practically confined to foundries engaged in 
ornamental work. When introducing a new design for a canopy, stove front, 
or similar article, a solid plaster block, which gives the face of what is required 
in the casting, is modelled by the designer. This block is set on a turning 
board, and maintained in position by guide strips. A suitable box is selected, 
and the bottom part laid on the turning board, centred to the block, and 
maintained in position by means of blocks nailed to the turning board. This 
half of the box is raised from the face of the board by "thickness strips," 
which are of the same thickness as that re<]uired in the casting, usually about 
J inch. The box is rammed up, and turned over on to a level bed. The 
plaster block is drawn, and the mould is carefully jointed. The joint is carried 
down to the face of the ornament, and all square comers are tapered a little 
to allow clearance. Parting sand is thrown over the surface, the excess blown 
ofl; and a dust of resin shaken on. The top part of the box is placed in 
position, and rammed up with the necessary lifters. The top part is lifted off", 
finished as usual, and set on one side. . The plaster block is again placed on 
the turning board in exactly the Banie position as l>efore. The bottom part of 
the Ik>x, from which the top part has been rammed, is knocked out and 
returned to its former position on the turning board. This time the bottom 
part is placed flush on the board, and \a not raised by thickness strips as before. 
The part is rammed up, turned over again, and the block drawn. A joint is 
made and raised from the face of the mould to the extent of the thickness 
strips previously used. The rest of the joint is made to correspond to the top 
part. /All loose sand is removed, and a dust of resin given to one part and a 
dust of blacking to the other, which, when the two parts are fitted together, will 
readily show how the joints correspond. After fitting on, any thick parts of 
the joint are, sleeked down, and thin parts are made good. Gates are cut in 
the bottom part, and runners to suit cut through the top part, and the mould 
made ready for casting. It will be seen that the thickness of the casting is 
that of the strips which were placed between the bottom part and turning 
board on first ramming up, and also that the contour of the back of the 
casting will exactly follow that of the face ; in other words, no matter how 
intricate the ornament, the thickness throughout will be equal. The first 
castings are intended for permanent patterns, and are finished up accordingly. 
In the case of a very intricate casting, it is modelled in sections, moulds of 
each section being made by reversing, and cast in lead. These lead sections 
are then worked up into form, and soldered together for the complete pattern. 

In other branches of ornamental work, castings may bo made from 
" destructible '* patterns, methods in this case relying for their success on 
destroying and removing the pattern by means of heat. For example, if a 
dead insect, say a large beetle, be taken, and surrounded by a pasty material 
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which, whilst entering into all the fine interstices of the insect, will withstand 
a high temperature, then on baking such a mould the insect will be charred 
and a space left corresponding to the form of the beetle. Plaster of Paris 
may be used as the plastic material ; the only diflftculty in this type of 
moulding lies in removing the charred ashes from the mould, as the latter is 
not accessible. Should any reader desire to experiment in this direction, he 
may, by placing small round sticks (lead pencils) on the object when forming 
the mould, provide channels through which the ashes may to some extent be 
blown out after the mould has been baked. One of these channels will then 
serve as a runner. Generally the material selected as a pattern medium is one 
which can be melted out of the moidd, as, for example, wax. This has given 
rise to the **lo8t wax" process common in statuary founding. In a sense, 
this is beyond the scope of ordinary foundry practice, but a few words may 
be given to the leading principles. Methods vary with different designers, 
but, as a rule, the core is built up by hand to the outline required. This 
core is built up in much the same fashion as a loam core, that is, vented as 
• usual, and strengthened by suitable irons ; but the core material is a mixture 
of plaster of Paris, loam, and cow hiair, and pieces of wire-netting may be 
interspersed for strengthening. On acquiring a rough outline^ the core is 
stiffened by drying, and a coat of wax evenly distributed over its surface. 
This wax is modelled into final form by the designer of the figure, and, when 
completed, the outer mould is made. The wax model is covered by a stout 
frame of iron, and the whole filled in by spreading the plaster over the surface. 
To maintain the plaster in position, cross-bars are placed in the frame, which 
also increase its stability. The requisite runners, risers, and openings for 
draining the wax from the mould are made as the work progresses. After the 
plaster has " set," the mould is fired by building fires around it and keeping 
them going until all the wax has been melted out and the mould itself has been 
thoroughly baked. This baking gives the necessary porosity for venting. 
The draining holes are then filled in, the mould surrounded by an iron 
curbing, and firmly rammed by a backing of sand, heads made on runners and 
risers and casting effected from a ladle or by means of a basin built on the top 
of the mould. In the latter case, the runners are closed by plugs, and the 
basin connected by means of a channel to an air furnace and filled with 
molten bronze before lifting the plugs. This, of course, implies that the top 
of the mould is below the furnace level. Should a waster result, the whole of 
the work on the wax model is lost. As an alternative, the figure may be 
modelled in clay, and a master mould made from this clay pattern. This is 
effected by using the clay figure as a pattern, and building aroimd a plaster 
mould constructed in a series of drawbacks. After setting, these drawbacks 
are removed and assembled, sheet wax may be then pressed into the mould 
and a wax pattern obtained, which may be laid directly on the core in 
suitable sections. The joints at the sections are touched up by the designer, 
and the whole prepared for the outer mould, as before. 

This is possibly one of the most ancient methods of moulding, since it was 
evidently known in early historic, if not in prehistoric, times. Another 
historic method of moulding is that of bell-founding, which, though practised 
to-day, is of little interest to the average founder, as bells are now generally 
moulded in loam by methods similar to those indicated in a later chapter. 
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Fig. 114. — Moulding Bench. 
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Moulds for small castings are most conveniently made on benches or in tubs, 

otherwise termed troughs. A good type of bench is shown in fig. 114, the shelf 

at the back being used for holding tools, patterns, and parting sand box. 

Benches of this type are chiefly used in light steel and iron foundries, 

whilst the tub is common in 
brass-foundry practice. A 
suitable tub to accommodate 
two moulders is shown in fig. 
115. The bottom of this tub 
will hold sufficient sand for 
one heat. Movable skids rest 
on the ledges shown, and on 
these the box is worked. The 
arrangement of benches or 
tubs will naturally vary with 

the class of work and the character of the foundry. If placed along a wall, 

they should, if possible, be under a window ; and if in the centre of a floor, 

are best back to back. Ample floor space on which to place the boxes for 

casting must be allowed. This problem is less acute in a brass-foundry where 

several heats are taken off during the day than in an iron-foundry casting 

only once a day. In the 

latter case, a large floor 

space is required, and the 

boxes made towards the end 

of the day have to be carried 

some distance in order te 

place them ready for casting. 

To economise the floor space, 

it is often an advantage to 

have a tier arrangement, so 

that each moulder can put 

his boxes one upon the other, 

leaving the runners accessible to shank or ladle. 




Fio. 115.— Moulding Tub. 



Another arrangement, which 
only pays in the case of highly specialised work, is to have a narrow gauge 
track running from the fixed l)enches to a casting floor. The track is well 
supplied with trucks holding three or four boxes each. These trucks are run 
out to the casting floor, and the boxes poured ; then the trucks pass on to 

122 
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a sand mixing shop, the boxes are emptied and returned to the moulders with 
sand ready for use again. In other cases, a light movable bench may be used, 
which is made to travel with the work. Such a bench is worked the length 
of a sand heap in the day, working back in the opposite direction on the 
following day. 

Turning to the methods of moulding adopted in this class of work, these 
are in principle exactly the same as those already described in green sand 
moulding. Either moulding boxes or snap-flasks may be used, and the former 
should be accurately fitted and interchangeable. In using snap-flasks for 
deep work, trouble has arisen in many foundries through the moulds bursting. 
This may be entirely avoided by the use of sheet- or cast-iron binders and flat 
weights. Well-fitting boxes or flasks lend themselves to large outputs, pro- 
vided the patterns are also equally suitable. To this end, patterns, if of wood, 
should be made from a hard variety, and suitably divided along the centre. 
To save tool work on the mould, all fillets, etc., should be on the pattern. 
Should the patterns not be filleted, temporary fillets of clay, beeswax, or red 
lead may be put on, which will serve until the order is completed, and will 
save much cutting and sleeking of the moulds. All patterns, whether of wood 
or metal, should, whilst in use by the moulder, be kept in good order, an end 
attained by brushing them over, after each day's work, with a stiff* brush and 
beeswax, or washing with naphtha. In the case of finely-toothed wheels, a 
wash over with naphtha before each mould is made will materially assist in 
obtaining a clean draw. 

Flat or divided patterns are worked on a turning-over board, which is laid 
on the bench or across the skids of the tub. When the quantity required 
from one set of patterns will warrant it, a pattern of the runner and gate 
should be made. Thus, in setting the patterns on the board the runner is 
first placed in position, and the various patterns placed in contact with each 
gate. After ramming up and turning over, the joint should only require 
sleeking. A runner peg is placed on the pattern gate, and, after ramming up 
and lifting off* the top part, the patterns are drawn. Assuming these patterns 
to be in good condition, the mould should require no further work, as it is 
already gated. In this class of work, when a bad draw is obtained, it is always 
quicker to knock out the box and ram up again than to attempt mending or 
patching. A plan often adopted with light brass castings, such as plumbers* 
work, cock and valve mountings, etc., is to attach as many metal patterns as 
the box will hold to a cast gate, the whole forming one pattern, and involving 
only one draw. Twenty or thirty separate pieces may be thus moulded as one 
pattern, and, if the latter is well finished, a large output will result. 

More intricate forms of moulding are practically those already described, 
though practised on a smaller scale. Thus, intricatte patterns are sub-divided 
in order to admit of drawing without tearing the mould, loose pieces are 
attached by dovetails or pins, and, in the case of solid patterns, small draw- 
backs or false cores are employed. A two-jointed casting may, in many cases, 
be made in a two-part box by metins of a " double turnover." 

The more specialised forms of moulding followed in the production of 
small repeat castings may be summed up in the two terms, oddside and plate 
moulding. An oddside is, of course, necessary for any irregularly shaped 
pattern moulded by turning over, but in repeat work an effort is made to 
give the oddside a permanent character. Thus, the flat turning-over board 
may be replaced by a built-up one constructed to follow the joint lines of 
the patterns. However, such boards are somewhat costly and difficult to make. 
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The more usual plan is for the moulder to make his own oddside, which, 
according to the number of castings required, may be of sand or plaster. A 
green sand oddside is formed by ramming up a top part, sinking in the 
patterns to the required depth, and cutting the joint to suit. Such an oddside 
will give fairly good joints for several sets of boxes ; and it is used in 
precisely the same manner as the turning-over board which it replaces. 
An oddside rammed up in dry sand, carefully jointed, blackwashed, and dried, 
will give a longer working life than a green sand one. The best type of sand 
oddside is that known as the oil-side, and the authors have found this to lye of 
a fairly permanent character. To make this, one part of litharge is added to 
twenty parts of fairly dry new sand, and the two are thoroughly mixed and 
passed through a fine sieve. The mixture is brought to the consistency of 
moulding sand by means of linseed oil, and in this condition is rammed up to 
form the oddside. After jointing, the side is allowed to harden in air for a 
period varying from twelve to twenty hours. These oddsides keep in good 
condition for a long time, and give true joints in the moulds. Should the 
edges become damaged, they may be made good by means of beeswax. 

As permanent oddsides, those of plaster are the most extensively used. In 
making these oddsides the pattern is first bedded face downwards in the exact 
position required, and the joint carefully made. As the oddside will be an 
exact reverse of this joint, every care must be taken to see that it is accurately 
made, that is, the joint must neither be full nor yet undercutting. To prevent 
the plaster adhering, the pattern is greased or oiled. A second box part is 
placed on the one containing the jointed pattern, and, if necessary, strength- 
ened by cross-bars. The joint between the two boxes is seamed up with 
slurry, a mixture of black sand and water, which is rubbed well into the 
joint to prevent leakage. The requisite amoimt of plaster of Paris is mixed 
with water to a cream-like consistency, and then poured over the pattern imtil 
the box is filled. This is allowed to harden, then turned over, the sand part 
lifted off, any adhering sand removed, and the pattern drawn. The face of the 
plaster side may be varnished over, and, when dry, the side is ready for use. 

The necessity of making a true joint in the first instance is at once shown 
by the fact that any inequality on the oddside is necessarily reflected on the 
mould, thus involving tool work to make the mould joint good. The most 
essential property of any oddside is that of giving a sharp clear joint without 
the use of tools, and, unless the original joint lines of the pattern are followed, 
this essential is not realised. At the same time, if, during use, the joint edges 
of the oddside become chipped or broken, the good qualities are destroyed to 
the extent of the breakage. In this respect it may be noted that isolated 
portions may be strengthened by inserting sprigs previous to pouring in the 
plaster in much the same way that isolated pockets are strengthened in a 
sand mould. 

Naturally, the most that can be effected with a permanent oddside is the 
elimination of joint-making, as patterns have to be drawn and the mould 
finished as usual. None the less, the method is capable of yielding good results, 
and is largely followed in cast-iron, malleable cast-iron, steel, and brass 
foundries. The next advance on oddside moulding is that of plate moulding. 
A plate may be of metal or wood, having mounted on it the patterns and 
gates necessary to form a complete mould. If for hand moulding, snugs 
project from the plate, and holes are drilled in them corresponding to the 
pins of the moulding-i)oxes. In this way the box pins act as a guide in 
drawing the plate and its attached patterns. The method is capable of 
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quick and aoourate reeulte, and may be carried out by strong boys or trained 
labourers. 

In mounting plate patterns various methods are adopted, the exact pro- 
cedure being determined by the number of castings required. Wooden plates 
have been mentioned, and, though these are not usual in British praptice, the 
authors have foimd them of high service in quickly executing small repeat 
orders. The plates are of seasoned wood, about J-inch thick, but, provided the 
thickness throughout is uniform and sufficient for stability, the actual thick- 
ness is immaterial. Both faces of the plate are planed, snugs corresponding 
to the boxes are provided and drilled with holes to fit the box pins. To 
minimise wear, these holes are lined with metal, for which purpose brass or 
iron tubing will be found convenient. If the patterns are flat, they are 
attached to one face of the plate by means of wood screws from the other 
face. The heads of these screws are driven flush with the face, and smoothed 
over with red lead in order that no marks shall be left on the casting. 
Wooden patterns forming runner and gates are attached to the plate and 
connected with the patterns. On the plain face of the plate which corresponds 
to the top part of the mould, a small boss is fixed in the position where the 
runner peg should come, which serves as a guide for placing the peg when 
ramming the top part. 

In moulding, the plate is placed between two box parts, with the pattern 
side of the plate and the bottom part of box uppermost. The bottom part 
is rammed, and the whole turned over ; a runner tube is placed over the boss 
indicating its position, and the top part rammed up and lifted ofl: The plate 
is tapped round its edges and drawn, the pins of the box serving as a guide. 
It will be seen that, whilst ramming up, the two parts of the box are separated 
to the extent of the plate thickness, but, after removing the plate and closing 
the box for casting, the parts come together. Hence, whilst the actual thick- 
ness of the plate is immaterial, it is essential that the thickness throughout be 
uniform. 

Patterns not having a flat upper surface, but permitting of division along 
their centres, are moimted in halves, one on either side of the plate. Here 
again, for small orders, wooden plates are effective. In moimting such 
patterns the halves must exactly correspond with each other, so that when 
the half moulds finally come together no overlapping occurs. This is most 
readily effected by means of dowel pins in the pattern, which, if lengthened to 
allow for the thickness of the plate, offer an accurate and simple method of 
adjusting the halves to each other with the plate intervening. A pair of 
divided patterns, as in fig. 116, are quickly mounted on a plate by a pattern- 
maker, and on completion of the order they may be removed and replaced by 
others. This method of fixing wooden patterns on plates is only adopted 
when the order is not likely to be repeated at some future time. The authors 
have found this plan economical in cases where only thirty sets of castings 
were required. As in any case the patterns should be divided, there is very 
little further trouble in mounting them on a plate. If a stock of suitable 
plates is kept in the pattern shop, comparatively little pattern expense is in- 
volved in mounting, and the gain to the foundry consists in reducing intricate 
moulding to straightforward simple work, which may be readily executed by 
plate moulders. 

The chief difficulty with wooden plates arises from their tendency to warp, 
which may be partly overcome by forming the plate of two Iwmrds with the 
grain of one crossing that of the other. Another method consists in roughing 
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the boards down to within an eighth of an inch of the finished size, and then 
soaking them for a period of 10 or 12 hours in molten cnide paraffin. A 
convenient apparatus for this purpose consists of two tanks, one within the 
other, provided with steam pipes in the space between the two. However, 
where treatment is involved, the process becomes relatively costly, and, 
in this country at any rate, wood cannot compete with cast-iron under these 
conditions. Wooden plates are only recommended under the conditions in- 
dicated, that is, when the pattern-maker can readily mount a series of patterns 
and thereby assist the foundry in the rapid production of good work when 
required in comparatively small quantities only. When the number of cast- 
ings required is larger, or when the patterns are of a standard character, then 
both plates and patterns should be of metal. 

Metal pattern plates may be fitted up in a somewhat similar fashion to 
those of wood, or they may be cast with patterns attached in one piece. As a 
first example, the case of a flat plate cast with pattern on may be selected. 
Assuming the pattern to be a standard 1 2-inch hand- wheel, the first essential 
to note is that the pattern should be provided with a double contraction 
allowance ; and the second that the pattern should be divided across its centre. 
A 12-inch wheel would be worked in a 14-inch box ; the pattern plate will 




Fig. 116.— Plate with Patterns. 

therefore require to be 14 J inches square. One half of the pattern is laid on a 
flat turning board, and a bottom part, about 18 inches square, placed in position 
with the pattern exactly in the centre. This part is rammed, turned over, 
and jointed. The joint should be level with the top of the pattern and the 
box edges, as this joint will form the lower surface of the plate. The upper 
half of the pattern is placed in position, and the top part rammed up and 
lifted off*. A frame is laid over the joint of the bottom part and centred by 
the pattern. The thickness of the frame should be that desii-ed in the plate, 
and its outer form should correspond in size and contour to the boxes in which 
the plate will be worked. Therefore, snugs for the box pins and for lifting are 
provided. Having centred the frame, the joint surrounding it is packed with 
sand and strickled off" level with the top. Loose sand is removed, and the 
frame drawn. Patterns are drawn from the top and bottom parts and the 
mould finished. 

A wheel of this character would be run by a plump gate on the boss, but, 
for illustration, it will be gated from the rim. A gate is cut, as shown in 117, 
neatly tapered, and finished to serve as a pattern gate. The plate itself is 
gated, as shown in fig. 117, and a runner to correspond is cut through the top 
part, liefore closing, iron packing of the same thickness as the frame used 
for making the joint is placed at the four comers of the box in order to pre- 
vent the raised joint crushing when the box is cramped or weighted. 
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Fig. 117 shows an alternative method in which the mould joint is kept 
level with the box edges by sinking the half pattern below the level of the 
box to an amoimt equal to the desired thickness of the plate. In the former 
method, which in the opinion of the authors is decidedly the better, the joint 
is raised above the box edges to a similar extent. 

Practically, then, the feature involved in making a pattern plate lies in 
separating the half moulds by a distance equivalent to the thickness desired in 
the plate. It need not be added that this involves careful moulding, for. 
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Fio. 117.— Mould for Pattern Plate. 

unless the resulting plate is perfectly true as regards thickness and coincidence 
of patterns on each side, it will be useless. 

A solid pattern may be used instead of the divided one described, but such 
a course increases the difficulty of making a true joint. With a divided 
pattern, the face of the plate is formed by the turning-over board ; with a solid 
pattern this face must be made by hand, using the box edges as a guide. 
Therefore, if a solid pattern is used, it must be sunk in the top part, employed 
as an oddside, exactly down to its centre line. Further, the pattern should lie 
perfectly level. This may be reached by setting the top part with a spirit 
level, and levelling the pattern by the same means. After setting the pattern, 
the bottond part is rammed and turned over. The joint is 
strickled level with the box edges, and this will obviously 
correspond with the centre of the pattern. 

As a second example, a plate having an irregular joint may 
be selected ; such plates are practically always moulded and 
cast with patterns attached. The rake head, fig. 118, repre- 
sents a type of steel casting which may be profitably put on a 
plate, and it will l)e noted that the contour of the prongs „ ..« __Poi( 
demands a sloping joint, which must be repeated on the plate. * Head! 
The pattern is bedded on the top part, using it as an oddside ; 
the bottom part rammed up, and the whole turned over. The joint is made 
to suit the plate and not the box in which it is moulded ; hence, it is given 
the requisite slope down to the prongs, but ample allowance is made for a 
flat surrounding portion on which the plate thickness is subsequently placed. 
After removing the top part, a frame is placed on the flat part of the joint, 
and the thickness made up, as in the first case. The completed plate is shown 
in fig. 119, the only projecting portion on the upper side being that of the 
core print, whilst the centre of this side is dished to follow the slope of the 
prongs. The method of making is identical with that of the first plate ; but the 
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joint, instead of being on one plane, has to follow the contour of the pattern. 
Thus the centre of a plate may be dished out to any required extent, but the 
edges must be horizontal in order that the plate may lie evenly between the 
two parts of a moulding-box, separating them to an equal extent in all directions. 
Cast plates cannot, as a rule, be finished by machining ; they have, there- 
fore, to be filed and scraped by hand. Any slight defects are filled in with 
solder, and finished off level with the surface. Holes are drilled in the snugs 
to a jig or template corresponding with the pins in the boxes used, and the 
plate, before use, is varnished over. Although tersely described, it will be seen 
that hand-finishing involves considerable labour; hence, when possible, it is 
advisable to cast the patterns in halves, temporarily fix them together, and 
finish in a lathe, subsequently mounting the halves one on either side of a 
planed iron plate. For instance, the hand wheel, fig. 117, if in halves may 
be readily matched on either side of the plate. In this case, there being 
only one pattern, mounting is resolved into a question of centre lines on either 
side of the plate ; but if twenty or thirty patterns have to be mounted on one 

plate, their adjustment in perfect truth is not so 
easy. A usual method is to arrange the half 
patterns on a plate in the order required, marking 
their outlines, and scribing the dowel holes of the 
patterns. The latter are drilled through, and, as 
the patterns have been fitted, pins passed through 

CI j I i I j I [ 1 1 1 / /// the holes in patterns and plate ensure the halves 

l! L' Li Ij L' ii 1 1 matching. An extension of this principle lies in 

the use of a master plate or jig. This is a plate 
marked in squares, each square being drill^ by 
several holes. Half patterns are arranged on the 
master plate, and the required holes noted^ and 
these are used as guides in drilling the pattern 
plates. Patterns are attached by passing pins 
through the plate and matching the half patterns 
as before. Runners and gates connecting each pattern are pinned on, and 
the plate is ready for trial. 

So far, plates have been considered as containing the whole of the pattern, 
that is, both halves fastened together with the plate interv^ening. If we 
imagine such a plate split into two portions by division through its centre, 
then, obviously, one half may be used for ramming bottom parts and the 
other for top parts. In other words, the patterns for one half of a mould may 
be attached to one plate, whilst those for the second half are attached to 
another plate, thus permitting two operators to work on one mould. One 
man will thus ram up bottom parts and another top parts only. This plan 
has certain good features, and, whilst not usual for hand moulding, may be 
necessary for machine moulding. 

In other cases a set of half patterns mounted on one side of a plate only 
may be made to serve for the production of a complete mould. Thus, if a 
series of divided valve bodies are mounted on either side of a central runner, 
it is evident that opposite half patterns can be arranged to match each other 
so as to give a complete casting. This may be illustrated by means of the 
diagram, fig. 1 20, which is assumed to represent a plate with lines scribed as 
shown. If A B is maintained in a constant position, and the plate turned 
completely over, then C will occupy precisely the same position as D ; whilst 
D will take up the position of C. Therefore, if along the lines D and C 




Fio. 119.— Plate for Rake Head. 
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corresponding half patterns are mounted equidistant from the centre line A B, 
a complete mould can be produced by ramming up two half moulds ; for, on 
ramming up the bottom parts, and lifting them off the plate, they have 
necessarily to be turned over, but, while following the same course, the top 
parts are not turned over ; hence, the patterns being equidistant from a centre 
line, and relative to each other, 
the necessary rotation of one half 
mould, to complete a full mould, is 
obtained. This aspect of plates, as 
with the last one, is more familiar 
in machine than in hand moulding. 
Oil tanks for boiling stoves are 
good examples of specialised plate- 
moulding. These castings are prac- 
tically square boxes enclosed on all 
sides, except the print shown in fig. 
121. Two patterns are provided 
on each plate, which is fitted with 
snugs corresponding to the square pins of a moulding-box. These castings 
are extremely thin, and, after placing the core in its print, the proper top 
thickness is assured by pressing down the thickness plate shown in fig. 122, 
until it bears on the box edges. A round disc of tinned iron is placed on the 
top of each core, on to which a nail is passed through the top part and 




120. — Diagram to Illustrate Turning. 




Fio. 121.— Plate for Oil Tanks. 

weighted down to serve as a chaplet. In one foundry familiar to the authors 
the daily output per man by this method is 25 boxes, that is, 50 castings ; 
each man makes his own cores, casts, and knocks out his own work. 

The PosfiibOities of Plate Moulding. — Plate moulding is practised in the 
majority of foundries, but in only a few of the more specialised shops is it 
worked to full advantage. The authors are strongly of the opinion that 




Fig. 122.— Thickness Plate. 

machine moulding only pays when the possibilities of plate moulding have 
been exhausted. As a matter of fact, they have, on certain classes of castings, 
obtained far more economical results from plate than from machine work. 

It has been shown that, in the case of comparatively small orders, plate mould- 
ing can be readily adopted ; and, in work of a standard character, permanent plates 
can be constructed which practically only involve ramming to produce a mould. 
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CHAPTER XVI. 
MACHINE HOULDINO. 

The term "machine moulding" should be interpreted with tolerance, for 
comparatively few moulding machines are, in the full sense of the word, 
mechanical. As illustrations, a hand press, which simply squeezes sand in a 
box, is often termed a machine ; similarly an apparatus which, by means of 
a lever, draws a pattern plate from a box rammed by hand is also termed a 
machine. 

Many ingenious mechanical ideas have been developed in order to facilitate 
one or more of the stages followed in moulding, and the sum total of these 
constitute machine moulding. A combination of these ideas has resulted in 
the development of an automatic ramming machine, which also draws the 
patterns, and, in at least one case, closes tjie mould ready for casting. Whilst 
on one of these machines a complete mould can be produced in something 
under a minute, the end is by no means yet in sight, and, notwithstanding 
the number of years that moulding machines of one type or another have 
been in use, machine practice is still in an experimental stage. One or two 
establishments have travelled beyond this stage, but these represent excep- 
tional cases. This has resulted in various accusations against foundrymen for 
their conservatism and tardiness in not taking fuller advantage of mechanical 
methods. Whilst these accusations contain a certain amount of truth, it must 
also be remembered that the utility of mechanical aids in moulding cannot, 
on any account, be judged from the usual mechanical standpoint. Primarily, 
foundries are established to produce good castings at a profit ; therefore, the 
utility of any mechanical aid lies in the extent to which these conditions are 
realised. It is well within the range of possibility that mechanical aids, 
whilst actually increasing the cost of production, may, by an improvement 
in the quality of the product, render their adoption desirable and advisable. 
In other cases, these aids may, whilst lessening labour cost, actually increase 
total cost of production, and the quality may, or may not, be adversely affected. 
The whole question is therefore one requiring unbiassed judgment founded 
on actual foundry experience. The authors have endeavoured to reach this 
plane ; and in the following notes, whilst certain machines are necessarily 
referred to by name, such reference is drawn from actual experience and not 
from the maker^s catalogue. 

From a foundry point of view, no one type of machine is, or can be, 
universal ; each machine must be regarded as a tool specially adapts to 
produce a particular class of work in which alone its full possibilities will be 
realised. The variety of designs actually in use, each one giving satisfaction 
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in a particular field, illustrate this. Each moulding machine, no matter how 
perfect its mechanism, requires a certain amount of skill from the operator. 
The statement so often made that any unskilled labourer can successfully 
handle a machine is by no means true. Some skill on the operator's part is 
essential, and a very considerable demand in this direction is made on the 
management, if full results are to be obtained. Machines are sometimes 
advocated in that they save floor room, and contribute to neatness and cleanli- 
ness in the foundry. Now, if a machine is to be a profit-earner, considerably 
more floor space for setting down boxes will be required than for hand 
moulding ; not only so, but a greater demand will be made on the casting 
facilities. A foundry in active operation cannot be neat and clean, but it 
should always be orderly ; and we have not found any special value in machines 
arising from their cleanliness. 

Once a machine has been installed, it should be given a full and fair trial. 
This might seem an imnecessary statement, were it not for the fact that we 
have known many cases in which machines have been bought, fixed, and 
condemned after a very half-hearted trial. As a rule, we have found that 
whilst the initial cost of a machine is not considered, the after-cost of 
accessories is cut down to the narrowest possible margin. This is short- 
sighted, for, if mechanical aids are adopted, there must be no half-measures, 
or failure will inevitably follow. It cannot be too strongly urged that the 
cost of a machine represents only the beginning of expenditure. Quite apart 
from accessories which facilitate moulding, good core-making facilities are 
required. For example, a power machine operated by two men will turn out, 
say, 200 complete moulds per day. If each mould contains 10 castings, each 
of which requires a core, then 2000 cores are required per day. Should these 
cores be intricate, then the capacity of that machine is entirely determined by 
the output of cores. This example is on the safe side. As another, we may 
quote a case recently brought under our notice, in which a power machine 
was employed on a plate fitted with 20 1-inch valve bodies. This particular 
machine, when worked at full capacity, will turn out 300 moulds per day. 
Hence, 6000 cores of a fairly intricate character are required per day, if the full 
capacity of the machine is to be obtained. Yet, in this particular case, the 
costly pattern plates were provided with only one core box, and the output of 
this one box determined the output of the machine. This is a telling example 
of the vice of thrift, for the greatest possible output under the conditions was 
100 dried and black washed cores per day, and 100 castings would be readily 
moulded by hand without any expensive accessories. 

Turning from the general to the particular, the first points demanding 
notice are mechanical aids to core-making. The most simple form is found 
in a plunger forcing a previously rammed core from a die. The core moulds 
may be round or square internally ; each one is fitted with a ram, which may 
be set to any depth in the core mould, and thus determine the length of the 
core. Ramming and venting are done by hand ; on completion of which, the 
ram being forced upwards ejects the cores. Fig. 123 iUustrates a machine 
built on this principle- by J. W. and C. J. Phillips. In operating it, a 
mould of the required size is placed on the table of the machine, and a ram 
of the same size fixed to the end of the plunger. The sand is rammed and 
the core vented and then ejected by pulling the hand lever forward and 
depressing the treadle. The rack is brought down again for a new core by 
turning the pivoted handle of the hand lever inwards, thus allowing it to pass 
beyond the stop, and releasing the pawl from the ratchet wheel. At the same 
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time, a brake device for checking the return of the rack also comes into 
operation. The rack is balanced by means of a chain and balance weights. 

These machines, operated by boys or girls in the case of cores of small 
diameter, yield a large output of good cores. Wherever large quantities of 
straight cores are desired, such a machine will prove a good investment. 

It will be noted that the foregoing machine is limited to straight cores, 
a remark also applicable to the various types of machines which admit of 
grouping under the general heading of sausage machines. Fig. 1 24 illustrates 




Fig. 123.— Phillips' Core Making Machine. 

one of these machines, the principle being that of compressing sand through 
a die of the required size by means of a differential screw. At the same time, 
a central vent hole is provided, and the cores produced in continuous lengths, 
which are afterwards cut into desired sections. In the plunger type of 
machine, a core iron can be rammed up with the core, hence ordinary core 
sand is available ; with the sausage-machine type, core irons are not applicable, 
hence special mixtures of sand are required. These mixtures take the form 
of ordinary sands mixed up with linseed oil. 

In considering swept cores, the most apparent mechanical aid lies in the 
introduction of power for rotating the core barrel. This is largely adopted 
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where long cylindrical cores are required, as, for example, in pipe foundries. 
A machine for running up circular cores in sand is shown in fig. 125. The 
cores are struck up on an ordinary barrel by means of a reciprocating steel 
bar which presses the sand on the revolving barrel. The reciprocating bar 
also acts as a strickle, and is therefore cut out to suit the type of core desired. 




Fio. 124.— Wadsworth Core Making Machine. 

The cores may be green or dried, according to requirements. No special 
mixtures of sand are necessary, so that, in certain classes of work, this machine 
will prove of high value 

Each of the three machines illustrated has a good field in its owti partic- 
ular direction ; the only criticism is that none of them admit of irregularly- 




Fio. 125.— W. Jones' Pii)e Core Making Machine. 

shaped cores. Here the real difficulty of mechanical core-making is most 
evident, and the more intricate the core the less the chance of success. One 
or two British and German inventors have tackled the matter, and in general 
the principles adopted are as follows : — 

The machine employed may be actuated by hand or by hydraulic power, 
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the core being formed by squeezing sand between two half dies corresponding 
in form to the halves of the required core box. These dies may, of course, 
contain several cores, the actual number being determined by the size of the 
cores and the capacity of the machine. The lower die is set horizontally in the 
machine, and a filling frame laid over it, which serves as a guide for the amount 
of sand required. This frame is filled with sand, strickled off, and removed, 
leaving a cone-shaped heap of sand lying above the lower half of the core dieu 
The top half of the core die is placed in position, and the halves pressed 
together by the machine. Surplus sand is squeezed into grooves cut at the 
side of the cores in both top and bottom dies. The top die is removed, 
a frame laid on and filled with sand, over which a plate is bedded. The 
whole is turned over, and the bottom die lifted off, leaving the cores lying in 
a bed of sand and ready for the drying stove. Fig. 126 gives the details of 
this method : a shows the lower die and filling frame, b the lower die filled 
with sand and ready for pressing. After pressing, the surplus sand is forced 
into the side channels, as shown \n c \ d represents the core ready for turning 
over, an operation completed in e. 

Just as a metallic form may be pressed into shape by passing it through a 
series of dies, each one bringing it nearer to the final shape, so a mass of sand 
may be pressed in stages, the first of which gives a rough outline of the 
required form and the final stage the exact shape required. Machines have 
been designed on this principle, and are stated to produce good results. 

The authors* experience is that, whilst cores of regular section can be 
produced by any one of the three machines first described, a departure from 
a regular section leaves hand core-making in possession of the field. Probably 
the future will see an improvement in this direction ; but at the time of 
writing it must be admitted that the general run of irregularly-shaped cores 
are most cheaply and efficiently produced by hand. 

Passing from the core to the mould, innumerable mechanical aids are to 
be found, and selection becomes a task of no little difficulty. Generally 
speaking, these aids may be divided into two main groups : — 

(a) As an aid to moulding rather than output ; and 
(6) As an aid to output. 

The first group is typified by gear-moulding machines, which are chiefly 
valuable for producing true wheels without using a pattern. The second 
group includes any mechanical aid to general moulding. 

Gear-moulding machines are most extensively adopted in iron and steel 
foundries ; they have been in use for many years, and are possibly more fully 
understood and appreciated than any other of the mechanical adjuncts of 
foundry work. In describing the sweeping of a spur wheel, it will be 
remembered that the teeth were formed by segmental cores set to a circle 
described from the spindle. Assuming that an arm carrying a pattern tooth 
block could be attached to the spindle, and a device affixed to the latter for 
withdrawing the block from the sand, then, obviously, the teeth of the wheel 
could be rammed up in stages. The authors have seen many makeshifts 
rigged up, based upon this crude idea, but its full development is realised in 
the gear-moulding machine. Several types of this machine are sold, and one 
or other of them is in common use in foundries. Generally, they may be 
divided into table and floor machines, although certain of the table machines 
may be employed in the dual capacity. In the table machines, which are 
employed for wheels moulded in boxes, the table carrying the box is revolved 
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as the ramming progresses, the pillar of the machine remaining stationary. 
In the floor-moulding type, employed for wheels of large diameter, the pillar 
of the machine fits into a bed plate in the floor, and the arm carrying the 
tooth block pattern is rotated as the ramming progresses. 

This type represents the earlier form of machine. It required a number 
of bases to be set in the floor, so that, on completing the teeth of one mould, 
the machine could be lifted into another base and a second one made. A 
further disadvantage lay in the fact that wheels of small diameter could not 
be made. With the table machine, in which the box is rotated, comparatively 








Fio. 126. —Mechanical Method of Making Cores. 

small wheels may be made, and on completing the teeth of the mould the 
box is lifted away and the machine left free for another mould. The arins 
and boss are formed by dry sand cores, as in the case of a swept gear wheel. 
Gears for casting in steel are of compo, and dried before fixing in the cores ; 
if for castriron, they may be cast green or dried, according to the weight of 
the wheel. 

The essentially mechanical parts of these machines are the dividing mechan- 
ism and the method of withdrawing the tooth blocks. Withdrawal may be 
effected, according to the type of machine and the character of the teeth, 
vertically, horizontally, or at an angle. The dividing mechanism is compar- 
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able to that of the screw-cutting lathe, and almost any number of proportional 
relationships may be established between the number of teeth in the dividing 
wheel of the machine and the wheel to be moulded. Instructions for this 
division are either attached to, or supplied with, each machine ; but, as a 
general rule, the following may be given : — 

" As the nimiber of teeth in the dividing wheel is to the number of teeth 
in the wheel to be moulded, so is the number of teeth in the wheel on the 
handle shaft to the number of teeth in the wheel required on the worm shaft.*' 

Having set the dividing apparatus for the requisite number of teeth, the 
moulding of the wheel is comparatively simple. A bed is strickled at a depth 
equal to the wheel face, and the teeth are then rammed up. The pattern 
tooth block has usually two teeth, and the space between the teeth is rammed, 
that is, one tooth is rammed at a time. Sprigs for strengthening, venting, 
and other arrangements, according to the character of the teeth, are carried out 
in the usual manner. In the case of spur wheels, the tooth block is drawn 
vertically, and, to prevent a tear, a strip of sheet-iron cut out to the form of 
the intermediate tooth space is held and lightly pressed over the sand by the 
left hand, whilst the right hand actuates the hand wheel for drawing the 
block. The tooth block may, by means of universal joints, be set at any desired 
angle on the slide, and adjusted to enter and leave the mould in any direction. 
This is of special moment in the case of helical and bevel wheels. 

Machine Moulding as an Aid to Output. — Quality of the product is 
assumed to be equal or superior to hand moulding, and the distinction is that 
mechanical aids are directed to an increased output at a decreased production 
cost. Various forms of subdivision are permissible, the one most consistent 
with our purpose is as follows : — 

Hand-rrumlding Machines. 

(a) Presses, actuated by a lever with the sole object of ramming or com- 
pressing the sand. Patterns are withdrawn by hand. 

(h) Machines which, by means of a falling platform or lever, draw Uie 
patterns from the mould. The moulds are hand rammed as usual. 

Power-movlding Machines, 

The various types of these machines are designed to ram the mould and 
separate it from the patterns. They may be actuated by means of steam, 
hydraulic power, or compressed air. 

Hand presses or " squeezers " represent the most simple and adaptable of 
any of the mechanical aids. Loose patterns bedded in a plaster or oil oddside, 
or fixed patterns mounted on a plate, may be moulded in either boxes or 
snap-flasks. The squeezer may be profitably employed on changing patterns, 
and there is hardly a brass, iron or steel foundry in which one or more of 
these presses may not be put to good use. Fig. 127 shows the "Farwell 
Press,'* made by The Adams CJompany, Dubuque. This press will squeeze the 
sand in any box or snap up to 24 inches by 18 inches and up to a depth of 
10 inches. Larger sizes are obtainable, but that illustrated represents one 
of the most useful sizes. The action of the press is as follows : — 

A bottom board and oddside are placed on the two cross-bars, forming a 
table and bottom part of box or snap placed in position. Facing sand is 
spread over the patterns, and tucked into any pockets ; floor sand is filled in 
and piled to about 2 inches above the bottom part. A stout flat board is then 
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laid over the sand, the lever of the press pulled forward, which brings the 
plate of the press over the box, and a further depression of the lever compresses 
the plate, thereby squeezing the sand in the mould. A return of the lever 
throws the plate clear of the box, which is ^then strickled, vented, and turned 
over on to a board, and made ready for the top part. The latter is rammed 
in the same way as the bottom part. A runner peg, the exact depth of the 
top part, may be used, or the runner may be subsequently cut through by 
means of a tube, the 
latter plan being the 
more convenient. The 
box is parted, patterns 
drawn, and the mould 
finished as usual. 

It will be seen that 
one movement of the 
lever rams one part of 
the box, and even in 
a comparatively small 
box, say 12 inches by 
12 inches, this means' 
a considerable saving 
of muscular effort. 
Various types of 
presses are made. The 
one illustrated is 
stationary, and the 
moulds are carried 
away from it on com- 
pletion. Other types 
are mounted on wheels, 
and are, therefore, 
portable; but we have 
never found any special 
advantage due to this 
feature. Another type 
of press, kno\iTi as 
the Economic, is per- 
manently bolted to a 
pillar, and is actuated 
by means of a geared 
eccentric in direct con- 
nection with a toggle 
working a plunger over 
the top of the mould. 

With any type of press, boards may be cut to follow the outlines of the 
patterns ; and these, when placed between the plates and sand, to some extent 
secure equal compression in all parts of the mould. In other cases, flat boards 
may be cut to fit inside the box, which is then only filled to the top, so that, 
after compression, the sand will be of less depth than the box. Personally, 
we find the best and least troublesome plan to lie in tucking in any pockets 
or irregular parts by means of the fingers, and in piling the sand to a depth 
which, after compression, will allow of strickling level with the box edges. 




FiG.';i27.— Farwell Press. 
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The next class of machine, in which the object is to effect a mechanical 
parting of patterns from box, is a large one. We can only select the most 
typical examples, and these are confin^ to machines we have actually used. 
Here the falling platform type is |^y virtue of longer use the most fajniliar. 
Briefly, the principle is that of fixing the patterns on a table which may be 
turned completely over. On this table, with patterns uppermost, a half-box 
is cramped and rammed up by hand as usual. The table is reversed, the 
platform raised until it bears entirely on the box, cramps of which are then 
released, and the platform gradually lowered, bringing with it the half mould 
and leaving the patterns attached to the turnover table. On reaching its 
lowest position, the platform can be drawn forward by sliding on two railsj 
and ready access is thus given to the mould. Fig. 128 illustrates one of 
these machines by Darling & Sellers of Keighley. Various types are made 
by this firm, the one illustrated has a 30-inch turnover table, and will take 
boxes up to, and including, 24 inches by 18 inches. The distance between 
the table and platform can be Varied from 4 to 28 inches. The falling gear 
is controlled by the hand wheel shown on the left of the illustration, which 
is spur geared to racks on the platform, and, as the latter is balanced with 
adjustable weights, raising or lowering is performed with a minimum effort. 
In another type of machine, made by the same firm, the falling platform is 
controlled by means of a lever, but otherwise the general principle is the same. 

The method of working has been roughly indicated. Patterns may be 
attached to the tables in various ways, but in our experience the best results 
are obtained by working from oddsides or plates, preferably the latter. 
Interchangeable boxes are an essential, and, in the case of plate moulding, a 
master box for the plate is desirable. This box is fitted as usual, but, in 
addition, is provided with fitting strips inside and just below the joint face. 
These strips are machined out to such a depth that the pattern plate may 
be sunk in the box, with its upper face deald level with the box edges. Plate 
and box are then fixed to the table, and the requisite number of half moulds 
rammed up, parted, and set in position on the floor. The plate is then 
reversed, and a second set of h«df moulds to complete the first set, rammed 
and parted as before. An ordinary plate lying between the two half boxes 
may be used, but the method of sinking the plate into a half box until it is 
flush with the joint is the best plan. Should the patterns all be on one side 
of the plate, requiring only a flat top part, this may be rammed up directly 
on the platform of the machine. 

Hand machines which draw patterns directly from the sand introduce a 
new feature, namely, the stripping plate, the function of which is to prevent 
a tear when parting the pattern from the mould. The patterns are moimted 
on a flat plate, and raised from the surface by a thickness equivalent to that 
of the stripping plate. The centre of the stripping plate is cut out to corre- 
spond with the outline of the patterns, so that when the pattern plate is drawn 
downwards the stripping plate holds the sand in position. It will be seen 
that this method involves, in cases where a flat top part cannot be employed, 
two pattern and two stripping plates, that is, one each for the top and the 
bottom part of the mould. The respective half moulds are made separately, and 
assembled for casting. In the case of small orders, both pattern and stripping 
plates may be of wood ; but when large quantities are required, metal plates 
are more effective. Stripping plates are cast with holes corresponding to the 
outline of the patterns, but larger in all directions. Sprigs are cast in the 
Ixxiy of the plate, with heads projecting into the cored-out spaces. Both 
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pattern and stripping plates are planed level, and, after mounting the patterns, 
the stripping plate is laid over the pattern plate, its position accurately 
adjusted, and the space remaining between the roughly-cored holes and 




Fig. 128. — Darling and Sellers' Moulding Machine. 

patterns is filled in with a fusible white metal. Any type of low melting 
alloy will answer, and the following is given as a guide : — 

Tin, 62 per cent. Lead, 31 per cent. Bismuth, 7 per cent. 

After filling in, the upper face is levelled with that of the plate, and the 
lower edges are bevelled a little in order to lessen the friction when drawing 
the pattern. Evidently, a stripping plate may be, and is, used with ordinary 
hand moulding. When used in hand-machine moulding, the sole mechanical 
device consists in an attachment for lowering the patterns through the strip- 
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ping plate. An exceedingly good device for this purpose is the Pridmore 
machine, which is largely used in British and American foundries. In effect 
the general principle of these machines is as follows : — 

The machine consists of a stiff, but, in some cases, portable frame standing 
on the floor. Adjustable guide ways are provided in and near the top of the 
frame on which the stripping plate is supported, whilst in the base of the 
machine there is a single centrally located guide. The construction gives, in 
effect, a long rigid guide, in which the yoke carrying the patterns is raised and 
lowered by means of a depending pitman, crank shaft, and lever. The crank 
shaft is joumalled in a brass bushed box, secured to the bottom of the upper 
frame. The yoke is held in its highest position by the crank pin passing 
slightly beyond the centre and striking a stop. Means are provided for regu- 
lating the amount of draw to suit different patterns. Adjustment is also 

provided for taking up wear 
on the guides and crank 
pins. The machines are 
built in various styles and 
sizes, and a choice is thus offered 
h »r moulding practically any type 
nf casting on them. Fig. 129 
>fiuu8 a square stand machine ; such 
IT I at I lines may be worked either singly 
<jr in pairs, that is, one machine may 
be t'niployed on bottom parts and the 
otJitM' on top parts. A plan of working 
advised by the makers is that of 
drau ing the smaller machines forward 
uXou^ the length of a working floor. 
By this plan the boxes are set down 
ill jiosition for casting without having 
to hi carried any distance, and, at the 
sutiie time, the machine follows the 
mmd supply. So far as our experience 
y^wH* we have not found very much 
advinitage due to this plan, and, in 
comparative tests, we have obtained 
practically the same results with the 
machine in a stationary position. 
This, however, is a matter that will vary with individual cases. 

As already noted, orders may be executed by mounting the patterns on 
wooden plates, and providing wooden stripping plates ; for large orders, metal 
patterns and plates are essential to a full output. In addition, the requisite 
number of interchangeable boxes fitting the size of machine are required. 
With the larger sizes of machines, cross-bars in the boxes may be dispensed 

with by making the sides of each half box in the form of \ which adds con- 
siderably to the rigidity of the rammed sand. 

A combination of press and pattern drawer is found in the Farwell 
universal moulding machine. This machine, illustrated in fig. 130, is 
practically a press provided with lifting mechanism located below the sta- 
tionary press table, and operated by means of the lever shown. The elasticity 
of this machine is sho^^Ti in the fact that it may be worked with a stripping 




Fig. 129.— Pridmore Single Stand 
Moulding Machine. 
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plate, or as a lifting machine, in which the mould is lifted off the patterns, 
the latter being mechanically rapped whilst the box is being lifted. 

When used with a stripping plate the pattern rests firmly on the stationary 
press table, with the stripping plate lying over it. Studs from the lower side 
of the stripping plate pass down and rest on the lifter table. These studs 
engage with guides on the pattern plate, and guide the stripping plate in its 
upward movement. On raising the lifter lever, stripping plate and mould are 
lifted off the pattern plate. 

When the machine is used as a lifting machine only, patterns are mounted 
on one side of a wooden or metal plate, provided with holes near the front and 




Fig. 180.— Farwell Moulding Machine. 

back edges, through which loose studs are passed down on to the lifting 
table. When the lifter lever is raised, these studs engage with the edges of 
the box, and so lift the mould clear of the pattern plate. At the same time a 
rapping bar is vibrated, thus ensuring a clean lift. It will be seen from this 
brief description that the Farwell is an exceedingly adaptable machine ; this, 
added to the fact that all operations are conducted by hand, enhancas its 
value for the ordinary iron or brass foundry. 

Power Machines. — Various types of power machines are on the market : 
the majority are founded on one or other of the principles applied in hand 
machines. Whilst power machines may be employed simply to compress a 
mould, such a course is unusual and also unprofitable. The majority of 
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machines will compress and draw the pattern from a half mould : a few of 
them will conduct these operations on a complete mould. Stripping plates 
may be employed, or, in their absence, a vibrator is attached, which automati- 
cally raps the pattern plate as the mould is being lifted off. Moulding-boxes 
or snap-flasks may be used, according to the type of machine and character of 
patterns. Operation may be by the aid of compressed air, hydraulic power, 
or steam. This arrangement also gives the order of merit of the respective 
sources of power. Whilst steam is usually available, it is not by any means 
an ideal source of power for operating moulding machines ; at any rate, this 
is our experience. Hydraulic power and compressed air are equally applicable, 
but, unless water under pressure is available, it will be found more convenient 
to instal an air compressor. 

. ] Fig. 131 gives a type of hydraulic machine, the action of which is as 
follows : — One half of a moulding-box F is placed on the pattern plate T and 

the other half Fj on the trolley W. 
Both half boxes are clamped to the 
pattern plate by means of the 
clamps h and h'. The top half 
box is filled with sand, the plunger 
R raised, and the whole pressed 
against the stationary head G. On 
returning, the plate is arrested by 
ferrules S, is then turned over, and 
the process repeated on the half 
box Fj, which is now uppermost. 
The method of parting mould and 
pattern is shown in the illustra- 
tion ; and it will be noted that, 
on lowering the plunger, the 
trolley will engage the rails and so 
permit of a forward withdrawal of 
the mould. 

Many types of hydraulic 
machines are made, and an ex- 
amination of fig. 131 will suggest 
to the moulder directions in which 
modifications are made to suit 
special classes of work. For example, in the case of shallow work such a 
machine can be made to ram top and bottom parts at one operation. Thus, 
if the bottom box is filled with sand at the same time as the top box, then, 
on raising the plunger and compressing the mould, the pattern will be forced 
into the bottom box. In particular, one type of machine, patented by Leader, 
will simultaneously ram top and bottom parts, withdraw the pattern, and 
close the mould ready for casting. This is effected by having the patterns 
mounted on both sides of a plate swinging to and from the machine, and at 
the same time capable of vertical movement. Two circular frames, which serve 
the purpose of boxes, and a plunger for ramming, constitute the machine. An 
auxiliary plunger is constituted within the ramming plunger, and its purpose 
will be indicated in the following explanation : — A flat cast-iron plate is laid in 
the lower frame, which is then filled with sand and strickled off. The pattern 
plate is swung into position, the upper frame lowered on to it and filled with 
sand. The plunger is then raised, and the whole pressed against the stationary 




Fig. 131. — Hydraulic Moulding Machine. 
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head of the machine. On reversing the valves and lowering the whole, the top 
part is arrested first, the plate and bottom part descend a little, and then the 
plate is arrested, the bottom part descending the full length of the return. 
The pattern plate may then be swung clear of the machine, leaving access to 
the bottom part for setting any cores that may be required. The top part is 
lowered by hand on to the bottom part, thus closing the mould, and the latter is 
then raised by means of the auxiliary plunger until clear of the two frames. By 
means of the bottom plate it can then be lifted away from the machine and set 
down for casting. Practically, a mould so produced is really a complete core ; 
the only tackle required, so far as the moulds are concerned, being the bottom 
plates. This machine represents the nearest approach to a mechanical moulder 
we have yet seen, and on shallow 
work is capable of an extremely 
large output. 

One of the most familiar 
examples of a machine operated 
by compressed air is the Tabor 
pneumatic machine, which is 
made in various styles to suit 
special requirements. With the 
type in which patterns are 
mechanically drawn, fig. 132, 
pattern plates containing half 
patterns on one side only are 
mounted as usual and filled with 
sand, the ramming head is then 
drawn forward, and air at a 
pressure of about 70 lbs. per 
square inch admitted to the 
cylinder. This lifts the upper 
portion of the machine forcibly 
against the ramming head, and, 
according to the depth of the 
mould, one or more blows are 
given. On exhausting the 
cylinder, the machine returns to 




Fig. 132. — Tabor Pneumatic Moulding Machine. 



its original position, and is then ready for the withdrawal of the plate. This 
is effected by means of a lever worked by the right hand, whilst the left hand 
presses a valve admitting air to a pneumatic vibrator. In one sense the action 
of this vibrator is comparable to hand rapping, but with the distinction that 
no actual movement occurs in the pattern plate, which is more nearly akin to a 
condition of shivering. A half mould is produced in an extremely short time, 
so that these machines will turn out a large output per day. If the patterns 
are such as admit of horizontal division along a centre line, then a series may 
be mounted on one side of a plate, two moulds from which will give a set of 
complete castings. Thus, on lifting a bottom part from the machine, it has to 
be turned over in order to be set down for casting. A top part is lifted 
straight off the machine, and in this position is ready for setting on the bottom 
part (see fig. 120). 

The Choice of a Moulding Machine. — Whilst it is quite out of the question 
in a work of ordinary dimensions to refer to each individual machine at present 
in use, it is even more difficult to give any cut and dried philosophy on the 
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choice of a machine. Whilst that choice in largely determined by the amount 
of repetition work on hand, other determining conditions peculiar to each 
individual foundry come into play, and naturaUy the limiting nature of these 
conditions can only be determined by the individuals most directly concerned. 
Apart from these we offer the following generalities, which may be useful if 
supplemented by a perusal of manufacturers' catalogues. 

It has been shown that cheap, but efficient, pattern plates can be readily 
constructed by mounting divided patterns on a board. Such a board worked 
in conjunction with a hand press will, imder good supervision, leave very little 
to be desired in the way of low production costs. This plan will adinit of 
small quantities being produced in competition with repetition work. Loose 
patterns on oddsides may also be worked on the hand press. 

With ordinary small work, such as is usually included in boxes up to 14 inches 
by 16 inches, the greatest time consimiers are (1) ramming, (2) jointing, and (3) 
setting cores. Jointing is largely obviated with a good oddside, and sdtogether 
so with a plate. Ranmiing by the aid of a press reduces the time occupied to 
that required for the pulling forward of a lever. Obviously, then, the greatest 
time consumers, with one exception, may be very considerably reduced by the 
simple and inexpensive aid offered by plate moulding and the hand press. The 
exception referred to is that of setting cores, and, whatever form of mechanical 
moulding may be adopted, this exception will be found to hold good. 

Pattern drawing does not take up so much time as is usually supposed, and 
a moulder who cannot draw a small pattern without damaging the mould is 
not worthy of the name of moulder. The advantage of hand-rammed pattern- 
drawing machines is that the fully qualified man can be replaced by one of 
less experience. With these machines, jointing and pattern drawing are 
eliminated, and, in certain cases, the initial outlay is comparatively small. On 
standard, but changing work, our best results in machine practice have been 
obtained from the hand press supplemented, in the case of deep patterns, such 
as flanged valve bodies, etc., by the hand-rammed pattern-drawing machine. 
Accessories, in either case, are not costly, the output is high, and the quality 
good. Our best results on standard work, in which one plate could be run 
for at least 300 moulds, have been obtained from a pneumatic vibrator 
machine. If the same plate could be run over a period of four or five days 
without changing, then production costs fall very considerably, but such 
conditions only hold good in foundries producing large quantities of repetition 
work. 

Whatever may be said to the contrary, stripping-plate machines involve 
costly accessories; but this outlay is warranted, if the patterns are of a 
sufficiently standard character. These machines are specially good on intricate 
patterns, such as small spur wheels or others having little or no taper on the 
sides. 

Whilst hand machines of any type represent a low first cost, the cost of 
subsequent accessories must not be forgotten. Power machines represent a 
higher initial and maintenance cost ; but, if they can be maintained in constant 
operation, they give a low production cost. Finally, the chief drawback to 
the further development of machine moulding of any type occurs in core- 
making and core-setting. An improvement in the mechanical production of 
irregular cores will result in a very considerable advance in machine practice. 



CHAPTER XVII. 

DBY SAND MOULDING. 

So far as actual moulding is concerned, the methods employed in dry sand are 
practically those practised in green sand work. The only essential difference 
is that the mould, after completion, is dried before being cast ; hence, it follows 
that the sand forming the mould must be of such a nature that it will dry 
into a porous, but not friable, mould. This demands a strong sand of a similar 
nature to a core sand, and such that, if the skin of the dry mould is started, 
the sand below will not crumble away. Ordinary green sand can be dried, 
but, should the face of the mould be broken, the sand is so friable that it 
crumbles and washes before the metal. Practically every foundry centre has 
a natural sand available for dry work, and the rotten rock of the Clyde valley 
is an example of one of the best of these sands. In the event of a natural 
sand not being available, an artificial one can be compounded by bonding a 
weak sand with clay. Thus, a passably good dry sand is obtained by adding 
clay to old floor sand and milling the mixture. The clay addition is solely to 
bind an open and incoherent sand, and, for obvious reasons, an excess must not 
be used. Mixtures of dry loam and green sand are also used, the loam being 
added in sufficient quantity to give the requisite grip. 

Sand mixtures are applicable to brass, bronze, and steel castings, and, whilst 
the greater bulk of steel castings are made in dry moulds, the facing used is 
an artificial "compo," made up for the most part of a mixture of burnt 
refractories, such as old steel-melting crucibles, fire-bricks, and fire sand. All 
heavy brass castings are made in dry sand, and the sand used is rock, Mans- 
field, Staffordshire, or Erith, and similar kinds, bonded, if necessary, by clay 
and opened by horse-dimg. Should none of these sands be available, a mixture 
is made up as indicated. Iron castings of considerable weight may be made in 
green sand, but, if the casting is at all intricate, as, for example, a steam cylinder, 
a dry mould will give a better result. 

The amount of drying given depends on the character of the mould and 
the metal entering it. Thus, all moulds for steel castings should be bone dry, 
and, owing to the high casting temperature, faced with refractory compo. 
However, exceptions are met with, and the authors in several cases have found 
a skin-dry sand mould preferable. As would be expected, a bone-dry mould 
of compo which sets very hard is a comparatively unyielding thing, and, as 
such, will retard the free contraction of a casting made in it. This obstacle 
is readily removed in the case of a massive casting by releasing those parts of 
the mould which bind, as, for example, by digging out the arm cores of a 
large wheel. With a large intricate casting of light section, parts of the 
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mould which bind cannot be loosened in sufficient time to allow face contrac- 
tion ; hence, in certain cases, a yielding mould is preferable. This is accom- 
plished by making the mould from a good red sand, and drying the skin 
to a depth of half an inch or thereabouts. Skin drying may be effected by 
laying fire-baskets over the mould, and burning in them either coke or charcoal ; 
or the moulds may be dried by means of red-hot ingots or plates. The most 
convenient plan is to cover the mould with naphtha, by means of a small 
watering-can, and to apply a lighted match. In storing and handling naphtha, 
its dangerously inflammable character should be remembered. When lighting 
a mould covered with naphtha, a match should be applied to the edge, and the 
face held away, as the flame, instantaneously formed, shoots straight up. 

Whilst skin-drying is only applicable to steel castings in the limited sense 
indicated, it is very largely applicable to all types of iron and brass castings. 
The whole, or a portion only, of the face of an ordinary green mould may be 
readily dried by a hot plate or a little naphtha. This is of special advantage 
in the case of projecting pockets of sand which may be readily stiffened to 
resist the washing action of a stream of metal. Apart from this, any part of 
a mould which has had to be patched and unduly swabbed may have the 
surplus moisture readily driven off. In the case of large brass castings, such 
as large step or tread plates, name plates, and the like, which are notoriously 
thin, skin-drying is a considerable assistance in obtaining a fully-run casting. 
It should be remembered that a skin-dry mould, after drying, cannot be 
touched on the face ; it should not be dried until nearly ready for casting, or 
the damp will strike back, and it should not be closed until the last moment. 

A bone-dry mould presents very different conditions to a skin-dry one ; 
in the first place, the whole of the added or hygroscopic water has been 
expelled, and this fact allows considerable latitude in making the mould. 
Thus, a comparatively close sand may be used with harder ramming and less 
venting than in the case of a green mould. The expulsion of water by drying 
is a most efficient substitute for the vent wire, and a compact sand in the 
green state will dry comparatively open and porous. By the-same token the 
risk of scabs, buckles, cold shots, etc., is considerably lessened ; therefore, a 
dry mould is always safer than a similar green one ; and wasters in dry sand 
are less excusable than in green sand. This lessened risk is a good off-set 
against the cost of drying ; and, further, the actual moulding operations are 
often more quickly performed in dry sand than in green sand ; hence, in 
certain cases, total costs compare very favourably with green sand. This is, 
however, a matter determined solely by the character of the patterns; for 
example, a mould having several cores which require chapletting down would, 
if made green, occupy a fair time in making the chaplets rigid ; whereas, if 
made in dry sand, the surface of the mould offers, in the majority of cases, 
sufficient support for the chaplets. Hence, in the case of an externally plain 
casting, which could be readily made in green sand, internal cores may 
actually make a dry sand mould the less costly of the two. As another 
example, ship's bollards of 30 cwts. or thereabouts may be made either green 
or dry, but experience shows that comparatively little advantage is gained 
by drying, and that actually green sand will produce the same quality of 
casting at less cost. On the other hand, small steam-engine cylinders of 5 
cwts. or so, which may be made green or dry, will, in the latter case, not only 
give a better casting, but also a less costly one. 

The choice of method, therefore, depends largely on the type of casting, 
and, in iron at any rate, not so much on its actual weight. As a rule, 



DRY SAND MOULDING 147 

hydraulic and steam castings give better results in dry sand ; castings poured 
in a vertical position, cylinders, liners, water-pipes, and so forth, are made in 
dry moulds, because of the pressure exerted on the bottom of the moulds by 
the depth of metal. Similar castings in green moulds would swell at the 
bottom, and, if rammed hard enough to resist swellmg, would very likely 
scab. 

As a general rule, all brass castings exceeding 1 cwt. should be made in 
dry sand, owing to the fact that masses of brass or bronze have a very 
searching effect on a green mould. Whilst heavy brass castings can be made 
in green sand, the extra trouble involved in providing against both searching 
and scabbing renders the method more costly than that of drying. As already 
noted, practically all steel castings are made in dry moulds, the chief reason 
lying in the high temperature of fluid steel and its tendency to unsoundness. 

As stated in the opening sentence, methods of moulding are the same ; 
thus, complete or skeleton patterns are used, moulds may be swept up and 
the sides formed by means of cores, etc., by any of the methods already noted 
for green sand. With some sands it may be necessary to sleek the joint down 
a little before drying, in order to prevent a crush when closing the dry mould, 
a plan always adopted in the case of moulds faced with compo. The facing 
for a dry mould is always applied wet, and not shaken on as in the case of a 
green mould. With skin-dry moulds either wet or dry facings may be used : 
but, in the case of a bone-dry mould, the facing is always painted on wet. 
Types of facings or blackings have been dealt with in Chapter IV.; it may, 
however, again be noted that pure plumbago in the majority of cases is 
decidedly the best ; and though more costly than " mineral blacking, ^that is, 
very fine coal dust, the better skin of the castings is good warranty for its 
use. Further, it may again be noted that although plumbago and blacking 
destroy the true brass colour of a brass casting made in a green mould, such 
is not the case when these facings are applied wet to a dry sand mould. 

According to the character of the mould, it may be painted before drying, 
or after drying, so long as the mould has sufficient initial heat to dry the 
facing. Plain moulds, such as propeller blades, are painted green and stoved. 
After drying, if any cracks are present on the face, they are touched up with 
oil and plumbago, and on all dry moulds oil is used in the same way that the 
water swab is used on a green mould. Pipe moulds are coated whilst green, 
and, as hand painting is out of court, various devices have been applied for 
distributing the liquid facing evenly over the surface of the mould. Thus, the 
mould may be plugged at the bottom, filled with blackwash, and then drained 
from the bottom. With large pipes a leather disc moimted on a long rod is 
placed a short distance in the mould, and two or three buckets of blackwash 
poured over the top, an up and down movement of the disc serving to dis- 
tribute the blackwash evenly over the surface of the mould. 

Examples of moulds painted after drying are found in toothed wheels and 
kindred moulds of uneven surface. Finally, it must be noted that, whatever 
type of blackwash is used, the coating must be evenly applied and the sharp- 
ness of any angles must not be obliterated. Many moulders sleek a plain 
mould, and, when this plan is followed, a good skin is obtained by painting the 
mould with mineral blacking, shaking a dust of dry plumbago over the wet 
surface, and sleeking down with tools. Personally, we have not found sleeking 
of very great advantage on dry sand work, and an initial coating of unsleeked 
plumbago will give as good a skin as can be desired. This remark is applic- 
able to dry sand castings in almost any metal or alloy. 
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Methods of drying the moulds vary, but a strong tendency is exhibited 
towards obtaining better value from the fuel consumption and shortening the 
time of drying. A mould made in the floor miist, of course, be dried in 
position, but its top parts and drawbacks may be dried in a stove. Similarly, 
all complete moulds made in boxes may be stoved. 

When dried in the floor, fire-devils or fire-baskets are hung in the mould ; 
but in the case of a large mould, fires are built directly over or surrounding 
the mould. Thus, bearer bars are laid across the mould and covered with 
perforated plates on which fires are laid. In the absence of a stove, the top 
part may be suspended over the fire, care being taken that the flame shall not 
catch the sand and so bum it. Open firing of this kind is done during the 
night or whilst the foundry is at rest. Obviously, the method is not economi- 
cal, for, apart from the setting of the fire, considerable time is occupied in 
removing the ashes, plates, etc., and in cleaning the mould preparatory to 
closing. 

The ordinary drying stove is a brick chamber, supplied with fire grates 
according to its size, and furnished with a set of rails and carriages on which 
the boxes for drying may be loaded. The rails from the stove are continued 
into the foundry in order to bring the carriages within reach of the cranes. 
The grates may be fired with coal or coke, the latter being preferable, as it 
does not leave a sooty deposit on the moulds, and the foundry atmosphere is 
clearer should the stoves be at work through the day. The grates may be 
fed from the inside, in which case they generally consist of large baskets 
which are filled up before the carriage enter the stove. In other cases, they 
may be externally fired, thus giving the advantage of continuous firing with- 
out opening the stove doors. The latter are constructed of plate and angle 
iron, and, as a rule, slide up and down in guides, being assisted in this move- 
ment by means of coimter weights. Where space in front of the stoves will 
permit, doors divided in halves and opening outwards are more convenient. 
The principle of all drying stoves is that of slow combustion, and the moulds 
are (fried by means of heated air, therefore the chambers should be built so as 
to give the least loss by radiation. Not only so, but the current through the 
stove should be such that whilst the watery vapour is carried ofi* a minimum of 
sensible heat is lost. This is attained by having flues at or near the floor level 
and at the opposite ends to the grates. These flues may be connected to a 
short stack, but will be found to be as effective if simply led into the open. In 
any case, a brisk current through the stove should be avoided. 

The usual method of getting the carriages into the stoves is by means of 
a long bar used as a lever between the wheels and the rails ; and, in the case 
of a carriage fully loaded with green moulds, this operation is sometimes 
heavier than it need be. Assistance in this direction can be obtained by 
giving the track a slight inclination towards the stoves ; for withdrawing the 
carriage a chain is hooked on to the end, passed through a block imbedded at 
the end of the track, and connected with a crane. 

Many types of drying stoves could be given, but the simple view of a 
heated chamber, as outlined, practically covers all the more ordinary types 
of stoves. A stove introduced by Mr J. B. Thomas^ possesses many special 
features. Practically, the stove consists of two chambers, both heated from 
one grate. The temperature aimed at is 47 5** F., and a pyrometer is used for 
indicating and thereby regulating the working temperature. Reference to figs. 

^ The Foundry f vol. xiiL, No. 78. 



DRY SAND MOULDING 



149 



133 and 134 will at once show the construction and method of distributing 
the products of combustion. The latter are drawn from the grate A over the 
arch B, where they unite with cold air drawn through the opening C, the idea 
being to pass a large volume of air through the ovens in order to carry away 
the moisture from the moulds. From thence the gases pass along the flue D 





Fia 133. —Drying Stove (Cross Sectiow), 

and into the distributing boit E^ built into the pirtition wmU 
between the two compartmeiitss. Openings^ are plaiied on either 
side of this hox, about threo f<?tvt below tlie roof, thn>ugh wbrob 
the hot g^wen are ilistribut^ into the atorea. if desired, a daiiif>ei' 
can l>e fitted, so that all the ga^es may be passed into one st<>ve in 
the event of the two not Ijeing re<|utred. Th<2 current through 
the stove is re]^^uULtt'd by meanfj uf tiues J. J., and the liot 
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Fio. 184. — Drying Stove (Longitadinal Section). 

gases are drawn downwards through the openings shown and into the stack. 
By this arrangement the hot gases are compelled to pass downwards, and 
contact with the green moulds will exchange heat for watery vapour which 
is drawn away. Thus an efficient current can be maintained and the 
moulds quickly dried without burning. 
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Although, in the foregoing case, the grate is not described as a gas pro- 
ducer, it could almost be regarded as one, since it is the source of a current 
of heated air by which the moulds are dried. An external grate can be fitted 
in the form of a small producer, and, working on the principle of incomplete 
combustion, give rise to a stream of combustible gases which may be led into 
the stove and by admixture with air be burnt in the actual drying ch9,mber. 
Reference to fig. 197 (p. 266) will show an annealing furnace worked on this 
principle, that is, with a self-contained producer. Whilst a stove so heated 
is a decided economical advance on one fired by solid fuel, a still further 
advance is found in having a central generating station. In the case of large 
foundries having several drying stoves, this plan is possible, but hardly so in 
the case of a small foundry having only one or two stoves. Any type of 
producer gas is applicable ; thus, if a Mond plant is on the works, the mains 
may be tapped and led to the foundry drying stoves. Steel foimdries may 
draw their gas from the same source as that supplied to the open hearth 
furnaces ; and, if a blast furnace is available, as is often the case with pipe 
foundries, a portion of the waste gases can be put to good use in the foundry 
stoves. Methods of combustion vary, but a simple and efficient plan is to 
have a series of openings parallel with the carriage rails, and to bum the gas 
in the form of jets at each opening. Methods of regulation lie in stopping 
off one or more jets as required. More elaborate methods consist in having 
regular combustion chambers, which, in a limited sense, are comparable with 
the ports of an open hearth furnace. In such cases the amount of gas 
emitted is regulated by a mushroom valve in the gas main, and the requisite 
air for combustion is drawn through openings at or near the point where the 
gases are burnt. 

Oil as a foundry fuel is naturally of greater interest to American than 
British foundries ; however, when employed in drying stoves various devices 
have been designed to attain full heat value from the fuel. A point of 
moment lies in the fact that these devices all require compressed air, a 
decided drawback from a foundry point of view, since drying is more con- 
veniently done during the night, when the mechanical plant is, as a rule, shut 
down. The following ingenious device is, however, well worth attention. In 
a paper read before the Philadelphia Foundrymen's Association, Mr S. E. 
Barnes described his method for heating drying stoves through the night 
when compressed air was not available. Steam is substituted for air, and the 
stove arranged to generate its own steam. The generator is a cast-iron 
return pipe 3 feet long, placed in the fire grate with one end connected to the 
town water-supply, and the other or steam end to the burner. The internal 
diameter of this pipe is J-inch. When starting, all cold, oil is first sprayed by 
means of compressed air : water is admitted to the return pipe ; and in a few 
minutes a steam-raising heat is reached. The air is then shut off and the oil 
sprayed by steam only. In order to attain the necessary oil pressure, town water 
is led into the bottom of the oil tank, thus forcing the oil upwards. The flow 
of oil is regulated by the steam pressure, which automatically opens or closes 
the oil valve with a rise or fall in steam pressure. Should this pressure cease, 
the oil valve is closed and locked. Fig. 135 gives a plan of the apparatus, and 
from it the automatic character, after the first generation of steam, will be 
noted. It is stated that two stoves, each 9 feet by 16 feet by 12 feet, 
averaging 3 or 4 tons of sand per stove per night, give an oil consumption of 
90 gallons per day, crude oil at 4 cents per gallon being employed. 

Bedded-in moulds, as already noted, have to be dried in the floor ; and the 
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method of open firing, apart from other objectionable features, is costly in both 
labour and fuel. Drying by hot air is applicable to this and other classes of 
\\"ork, the principle being that of forcing a current of heated air through the 
closed mould. Fig. 136 gives an elevation and a sectional view of Sheddon's 
portable mould drier, and represents a type we have found of decided advantage 
in drying iron, steel, and brass moulds. Briefly, the apparatus consists of a 
rectangular steel chest, the angle irons of the comers being continued to form 
logB, Internally the box is lined with fire-bricks set in fire-clay, and is divided 
into two portions, as shown, the dividing wall being carried up to within 2 
inches of the top. At the front of the chest a valve casing is fixed containing, 
respectively, an admission valve and two inner valves, one at the bottom for 
admitting air up through the fuel, and one at the top for mixing with the heated 
air and rapidly forcing it over the dividing wall down through the second 
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Fio. 135.— Automatic Stove using Oil Fuel. 
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chamber and into the mould. The discharge pipe of fig. 136 is fixed directly 
over an opening in the mould for the admission of heated air. Blast may be 
obtained from a small direct-coupled electric motor and fan ; or a stationary fan 
feeding a service pipe laid in the foundry floor may be used. In the latter 
case, suitable connections are provided, and these in turn are connected to the 
valve box of the drier. 

In drying by this plan we have found the following points of value : — In 
the case of a deep mould, close the top part on to the joint, admit the air at one 
end, and provide an outlet at the other end. In the case of a mould of thin 
section, raise the top part a short distance from the bottom by means of 
packing, but seam up the joint, except at three or four points which are used 
iis outlets. In every case it is better to start with cold or lukewarm air, 
gradually raising the heat by means of the regulating valves until the desired 
temperature is reached, as judged by peepholes placed in the second chamber. 
The plan will prevent scorching or cracking. Should there be any danger in 
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this direction, a further safeguard is found in laying a piece of sheet-iron or 
asbestos immediately below the discharge pipe. Finally, although this 
method of drying is now being largely adopted, many foundries in which the 
method has not been adopted will find it of decided advantage. Personally, 
we have found it of high value in every class of work, except loam moulds ; 
and for these our strong preference is, wherever possible, to stove the moulds, 
although hot air, when applicable, is of service in rapidly stiffening up for 
further sweeping. 



CHAPTER XVIII. 

LOAM MOULDING. 

A CURRENT definition of loam moulding is that of moulding without patterns, 
and, like many definitions, it has the doubtful virtue of not being applicable. 
Whilst sand moulds can be made without patterns, loam moulds can be, and 
are constantly being, made from patterns which may be solid or in skeleton 
form. The general notion of loam moulding is that of sweeping up to shape, 
and, in its simplest aspect, it is represented by a central spindle and suitable 
strickles for the inner and outer portions of the mould. Obviously, this 
confines the method to circular or semicircular castings, but any geometrical 
figure may be swept up by travelling strickles over guides cut to the required 
shape ; and where this method is inadmissible, as in the ca^e of castings which 
are not portions of a regular figure, then skeleton or outline patterns are 
substituted and used as guides. 

The requisites for loam moulding are foimdation or building plates of 
sufficient stability to carry the whole structure ; building rings for strengthen- 
ing the brickwork ; parting plates for separating parts of the mould ; building 
loam ; coating loam ; and finishing loam. Building loam is simply black sand 
mixed up into slurry by the addition of water. Coating loam is used for 
getting the form of the mould ; whilst finishing loam, to some extent compai*- 
able with facing sand, is the same, except that it is in a finer state of division, 
and is usually obtained by sieving the loam used for coating. The character- 
istic features of loam vary according to district, and have to some extent been 
dealt with in an earlier chapter. We may, therefore, for convenience, here 
regard loam as a strong type of moulding sand ground imder edge runners, 
and by the addition of water brought to the consistency of stiff sludge or 
mortar. The backing of a loam mould is formed by building in red bricks, 
which are strengthened where necessary by cast-iron plates or ties. Other 
equally important essentials are the provision of drawings giving a clear con- 
ception of the casting to be made, strickles, pattern bosses, gauge sticks, and 
outline patterns of parts which cannot be swept to shape. Gauge sticks 
should be cut to mould size, that is, contraction allowed for. In many cases 
a study of the drawing will enable the moulder to make the whole of the 
tackle required for the job before actually starting it ; but, in other cases, 
the tackle may have to be made as the building progresses. At any rate, a 
clear idea should be obtained of how the mould is to be made before starting 
it, and preliminary thought will save arduous work and delays due to waiting 
for metal to cast tackle. 

As a simple example, the case of a plain cylinder may be selected, and the 
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first step is sweeping up the bottom plate. This plate has to carry the 
complete mould, comprising core, cope, and top plate, and must also serve as a 
guide for the cope. The top plate or top cake takes the place of the sand 
top part, the cope is that portion of the mould lifted away, whilst the core 
refers to the stationary part of the mould. 

Bottom plates are cast with holes in the centre, thus allowing a socket to 
be bolted or cramped on the under side. A suitable plate with socket so fixed 
is laid on a stove carriage, and a single course of brick set in building loam 
laid on. For this course the bricks are set with about J-inch joints, and the 
interstices filled in with cinders. The surface is daubed with coating loam, 
jind a second course of brick laid in a circle corresponding to the cylinder. 
From the spindle, and by means of rotating the joint strickle, the form 
shown in fig. 1 37 is obtained, which is simply a flat surface with a stepped 
joint. The spindle is removed, and the carriage run into the stove in order to 
stiffen this joint. After drying, the joint is blackwashed in order to obtain 
a clean part at a later stage, blackwash in this case serving the purpose of 
parting sand in sand moulding, as loam will not clag to a dried and black- 




FiG. 187. —Sweeping Bottom Plate. 

washed surface. The heat of the plate will dry the blackwash, and it is then 
ready for building the cope. The cope strickle is set in position, and a cope 
ring is laid on the joint with its upper side clay washed. This ring' should be 
provided with four equidistant lifting snugs. On it a circle of red brick is 
built up, as in fig. 138, leaving a space of about 1 inch between the brick and 
the strickle, the latter being worked round as the bricks are laid, in order to 
gauge this distance. In bricking up loam moulds it must be remembered 
that, although the bricks give stability, they do not give porosity ; hence, all 
venting must be between their joints, therefore brick to brick is inadvisable, 
and a good plan is to allow at least ^-inch joints. In a more intricate mould 
than the one under discussion, the joints would be varied thus, close building 
being followed near the face and open building at the back. The joints filled 
in with building loam are, when dry, practically self-venting. Having built a 
ring of brick, the inner face is daubed with coarse loam and finished off* with 
fine loam to the contour left by the strickle. The whole is then staved until 
the cope has stiffened sufficiently to admit of lifting, which is effected by 
means of a beam and chain slings passed over the snugs of the cope ring. 
The cope is then set on one side, and the strickle set for the core, as in fig. 
139. This is bricked and swept up, as before, leaving a clear space in the 
centre. A point of moment lies in the fact that cores of this character are, 
when dry, exceedingly strong, and offer high resistance to liquid pressure ; in 
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reality, they are arches, and, within limits, the greater the pressure the greater 
the resistance. This is a decided advantage so far as casting is concerned ; 




Fio. 138.— Sweeping Cope. 



but, when contraction commences, then the arch is a disadvantage. To make 
such a core capable of compression by the contracting casting, each course of 
red brick is broken by three or more loam bricks, which, owing to their softer 




Fio. 189.— Sweeping Core. 



nature, admit of a certain amount of yield in the core. Loam bricks are, of 
course, evenly distributed amongst the red bricks, the joints of which should 
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also be sufficiently wide to admit of the bricks being brought together by the 
contracting casting. After bricking up the core, the face is coated with coarse 
loam, fini&Jied off with fine loam and stoved. The next requisite is a flat top 
cake, which is usually a flat plate or ring with projecting dabbers on one side 
and cored out in various parts so as to ofler a series of holes for selecting 
runners and risers. The dabber side is evenly coated with loam, either from 
the central spindle or by means of a strickle worked over straight edges set 
on either side of the plate. The holes not required for runners, if they come 
over the casting, are filled in with loam bricks. The various parts of the 
mould are then stoved until bone-dry, and are then ready for finishing off". 
Loam moulds are often surfaced by sandpaper, but a simple mould of this 
type should be ready for blacking just as it left the strickle, with, of course, 
the intervention of drying. Blacking should be applied whilst the mould 
contains sufficient heat to dry it. The bottom plate carrying the core is then 
set in a level position, and the cope lowered over it, the bottom joint first 
swept up acting as a guide for its return. Whitening is spread over the top 
joint, and the top cake fitted on, and the position of runners and risers tested. 
On lifting ofl*, the whitening shows the character of the fit, which, with 
proper sweeping, should be correct. The top cake is then returned and tied 
to the bottom plate by means of binders or cramps and wedges. Runners 
and risers are filled in with tow, to prevent any loose dirt falling in before the 
heads are made up. In considering the question of securing the mould for 
casting, it is obvious that the circular core entirely surrounded by metal is 
comparatively safe, since any pressure put on it is distributed over the 
circumference. Upward pressure is readily met by fastening top and bottom 
plates together ; so that there only remains the outward pressure on the cope. 
In the majority of cases, this is met by lifting the complete mould into a pit, 
which is hard rammed level with the top plate. An alternative method, 
possessing many advantages, is to place an iron curbing over the mould, and 
to ram the space between it and the outside of the mould with sand. 
Curbings are extremely useful, as they save much labour in ramming pits. 
Adjustable curbings are formed by segmental cast-iron plates which fit one into 
another, and may be made up into any required diameter. After ramming 
the mould in a pit or inside a curbing, runner and riser heads are made up, 
and the mould is then ready for casting. 

The foregoing outline of the simplest kind of loam moulding is a good 
illustration of the principles involved. More difficult cases are met by 
applying the methods followed in sand moulding, so as to fit the particuk^ 
needs of loam moulding. For example, if, instead of a plain cylinder, a flange 
is required on both ends, a slight alteration in the strickles is all that is 
required. A rope drum or pulley would be made in the same way, save that 
the strickles for the cope would be cut so as to form the required grooves. 
If arms and hub had to be cast in the centre, these would be formed by means 
of cores. Assuming that the plain cylinder required external brackets, feet 
or other projections, these are provided for by using patterns of the shape 
required, and bedding them in as the building progresses. Usually loose 
pieces of this character are set in the position required by a patternmaker, 
but the moulder must see that no movement occurs after setting. In the 
majority of cases this pattern will require a drawback in order to effect its 
witiidrawal. In principle, loam drawbacks are similar to sand ones, save that 
the pattern must always lie in the mould until the latter has stiffened, and the 
drawback is therefore not disturbed until the mould has been whollv or 
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partially dried. The utility of drawbackb is further increased by joints iu tlie 
mould. Thus, though it may be unnecessary, so far as the sweeping of a 
mould is concerned, to have a joint, yet such may be necessary in order either 
to draw the patterns used, or, when finishing the mould, to fix the cores in 
position. Partings of this character are effected by rings similar to the 
bottom cope ring, but the actual parting is not made until after stiffening. 
As regards guides, for returning either drawbacks or parts of the mould, in 
many cases the joint can be formed to give its own guide in returning, and the 
efficiency of this may be increased by cutting V-shaped notches on the outside 
of the mould. 

Evidently, then, a combination of strickles, drawbacks, and loose pieces, 
with the requisite partings, will allow considerable latitude in making castings, 
chiefly of a cylindrical form, but embellished by additions which cannot be 
obtained by sweeping. This sentence practically covers the making of a 
steam cylinder, for, obviously, such a casting may be regarded as a simple 
cylinder plus accessories, such as flanges, steam and exhaust ports, etc. 
Flanges are provided for on the strickles, or, in the event of their not being 
circular, by means of pattern frames. Steam and exhaust ports are made in 
pattern form ; and access for placing cores, if not obtained through the draw- 
back, is obtained by suitable partings in the cope. 

As a second type of loam moulding, the case of a large pan casting may be 
taken. Here, if the complete mould is swept up, the core part would 
necessarily have to be swept from a different centre to the body part of the 
mould ; a plan which, though quite feasible, would entail more trouble than 
the following one. The usual plan is to sweep one part to size, thickness it, 
and build the cope on top of the thickness. Fig. 140 shows the arrangement 
adopted when the pans are cast inside down. The various stages are, first, 
building the core and strickling to size. This is stiffened, either in the stove 
or by building a fire inside, the products of combustion escaping through the 
hole left by the spindle. By means of a thickness strickle, the core is coated 
with a thickness of loam, giving the outer form required in the casting. This 
is stiffened, and the cope then built directly on it, being carried from a cope 
ring bedded on. the joint ; the face of the casting is loamed over by hand, and 
backed by brick as usual. The further stages are parting, removing the 
thickness, making good the hole left by the spindle, and closing ready for 
casting. The complete mould is well rammed in a pit, and the core vent 
brought away from the sides. Instead of building the cope on a ring, it may 
be carried by means of irons somewhat akin to the saddles of a propeller 
blade. These irons are simply open sand plates cast to the curvature, and 
keyed together, thus offering a good support for the bricks and loam wedged 
in between the irons. This method of casting pans, although at one time 
commonly followed, is not a good one. The defects are found in the space 
imder the core permitting of an acciunulation of gases, the difficulty of 
satisfactorily binding, and the pressure of liquid metal on the top of the core 
which nearly always leads to a more or less slight depression. In our own 
practice we have always followed the plan of making the castings with the inside 
of the pan up, thus permitting of more systematic binding, less pit ramming, 
and, if more than one casting is requircd, of a ver}^ considerable saving in 
building. Fig. 141 shows the method for the bottom part of a dynamite pan 
casting made from a mixture of all hematite pig-iron. Details are briefly as 
follows : — The outer building is comparatively open and well vented by ashes 
between the brick joints. Near to the casting the building is closer and more 
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compact. A loam face is swept on, and, after stiffening, tlie pan thickness is 
laid on. In this case thin scone bricks are first laid on, and the thickness 
brought up by means of loam and the thickness strickle. These bricks are 
simply used because the thickness permits and because they offer a ready 
means of stripping. Fig. 142 shows the cope arrangement, the lower part of 
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Fio. 140.— Mould for Pan. 



the core being lifted by means of a box grating bolted on to the top plate or 
ring. The lower part of the thickness is covered with loam, and the clay washed 
grating bedded in, being built up first with loam brick and loam, and then 
with hard brick and loam. The building ring shown in the core is split 
across the diameter in order to allow for contraction, and the rest of the build- 
ing is carried on to the joint on this split ring. The joint is loamed over, and 




Fio. 141.— Sweeping Dynamite Pan. 

the top building ring, provided with dabbers to carry the loam over the joint, 
is bedded on. Hook bolts are passed through the plate and hooked into the 
lifters of the box grating. After stiffening, the cope is lifted off, and, as it 
cannot readily be turned over, is finished whilst slung in the crane. It is 
then set on stools carried up to the top plate, or, if a number of castings are 
required, a "cup" may be built to rest it in, and this will be found useful for 



160 



GKNEKAL FOUNDRY PKACTICK 



sitting the cope on the stove carriage. When preparing for casting, top and 
bottom plates C€tfi be readily and firmly tied together ; hence, there is only 
outward pressure on the bottom building to consider. This is met by ramming 
in a pit, and, generally speaking, all built up moulds should be so rammed. 
However, the fact remains that all loam moulds are not pit rammed ; and 
although on paper one ought not to advocate any plan introducing an element 
of risk, yet, obviously, a mould, such as shown in fig. 141, can, by strong 
building and external binding, be made perfectly safe. Outside binding is 
secured by having the top and bottom plates somewhat larger than required, 
and cored out at intervals through which vertical bars may be passed, thus 
admitting of horizontal plates being wedged against the outside of the building. 
This, of course, implies that the mould is externally square, and, when so 
bound, the mould may be cast on the floor, or, if deep, simply placed in an 
open pit to dispense with staging from which to manipulate the ladles. Fig. 
141 is shown bound by side plates in this manner; but, whilst we have cast 
comparatively heavy weights in cast-iron by this plan, honestly we do not 




Fio. 142.— Cope for Dynamite Pan. 

recommend it, for, unless extremely careful work is followed, and a full 
recognition given to the pressures exerted on all, and especially the weakest, 
parts of the mould, a more or less serious run out or burst will follow. In 
any case, loam moulds for the reception of alloys, such as gun-metal or bronze, 
owing to higher density and greater fluidity, should always be rammed in a 
pit in addition to external binding. 

After pouring (fig. 142), and on solidification of the casting, the hook 
bolts are loosened, and the top plate lifted off* in order to allow of free 
contraction. After the casting has cooled, to admit of removal, it will part 
clean from the bottom, and, therefore, all that is necessary is to scrape out 
the burnt loam and skin the mould up again for another casting. The top 
part must, of course, be made up anew for each casting. As the bottom part 
is only skinned over, it may be dried in position ; hence, if rammed in a pit, 
the sand need not be disturbed, and one ramming will serve a series of 
castings. In loam work it is always economy to save as much aa possible of 
the building for the next casting ; and, particularly in pan castings, the bottom 
part of the mould may in a sense be regarded as permanent for a run of 
castings. 

The two methods outlined only admit of tapering pans, that is, moulds 
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in which either outside or inside may be lifted away in the top part, and, 
naturally, the method is inapplicable if the diameter of the pan is greater 
towards the centre. In such a case the chief alteration in method lies in the 
fact that all parts of the mould must be swept and a special allowance made 
for closing the mould. The core is therefore built and swept entirely on the 
top ring plate, but a joint is provided across the diameter so that at a later 
stage the core may be split into two parts. The bottom part is swept as 
usual, but a joint is made across the greatest diameter, allowing this part of 
the mould to be lifted bodily away. Therefore, when ready for closing, the 
stages are as follows :— The core is turned over into a cup, bolts unloosened, 
and separated at the joint. The top half of the core is lifted on the removable 




Pail with Core larger in Centre than at Top. 



part of the bottom part of the mould, bolted to it, and then returned over the 
lower part of the core, which is, in turn, again bolted to the top plate. Fig. 
143 shows the arrangement at this stage with the core ready for lowering into 
the bottom part of the mould. Fig. 144 shows the complete mould ready for 
casting. Another method of binding the brick work is shown in figs. 143 and 
144, and is found in long dabbers cast round the outside of each building plate. 
This method is effective, and the only objection to it lies in the fact that the 
dabbers are likely to break off when taking the mould to pieces or stacking 
the plates. 

The spindle has so far been considered as rotating in a central socket, but 
in the case of tall moulds a top support will be required in order to maintain 
the spindle in true position. In a somewhat rough and ready manner this is 
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obtained by laying a board across trestles, or over a pit, if the job is being 
built therein. This board is drilled out to fit the top of the spindle in order 




Fio. 144. — Pan with Core larger in Centre than at Top. 




Fio. 145.— Horse and Spindle. 

to maintain it in a vertical position. A much better plan is to use a horse 
permanently bolted on to a wall or column, as in fig. 145. 

A third type of loam moulding is represented by sweeping, from a central 
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spindle^ horizontal moulds of regular curvature, the commonest examples 
being propeller blades and solid propellers. If, for a moment, we imtigine a 
sweep having freedom of movement in two directions (1) around the axis of 
the spindle, and (2) vertical movement, then, if an external guide is placed on 
a foundation plate, the surface swept by rotating the spindle will be that 
imparted by the guide. Vertical movement is obtained by counterbalancing 
the strickle, as in fig. 146, the three sheaves there shown being a better 
arrangement than a single sheave at the top of the spindle. As a rule, only 
small propellers, such as those for torpedo boats, are cast complete, that is. 




Fio. 146.— Counterbalanced Pulley for Spindle. 

blades and boss together. With larger ones the blades are cast separately 
from the boss. Taking a solid propeller, the various stages are as follows : — 
A circular bottom plate sufficiently rigid to carry the full weight of the 
undried mould is levelled, a single course of brick built on, and a level bed 
struck off. In the centre, a bed for the bottom of the boss is swept and the 
whole stiffened. The boss pattern has a hole through the centre, in order to 
admit of its passing over the spindle. Further, as the greatest diameter is at 
the centre, the boss is divided into segments screwed together from the inside 
in order that the screw heads may be readily reached and the segments with- 
drawn. The boss pattern is set in position, this and later setting out being 
usually done by a patternmaker. Having centred the boss, the next step is 
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setting guides or ''gable seats" for the blades. Gable seats are wooden 
frames built to sit on the level bed first struck off, and their top surfaces 
serve as a guide for the strickle, thus giving one face of the blade. An 
outline is bricked up from each gable seat to the boss, and the face finished 
off by rotating the sweep over the gable. The three or four blades, as the 
case may be, are completed and stiffened. The next step lies in forming a 
guide for the thickness of the blade, and for this purpose a series of wooden 
strips, each cut to give a section of the blade at varying points, are nailed in 
position. The spaces between these guides are filled in with moulding sand, 
and carefully smoothed over to the required shape. In this way a sand 
pattern of each blade is formed. For the top part a plate similar to that 
used for the foimdation may be employed, each blade being lifted by means of 
a box grating bolted on to the top plate. In the same way a box part may 
be used ; but, from personal experience, we find both plates and box parts 
clumsy and cumbersome. These features will be realised by considering the 
huge size of the top plate, or covering box, in comparison with the relatively 
small area occupied by the blades. Hence, we prefer a separate covering for 
each blade, which, in the case of standard work, may take the form of a 
permanent grating, or, in work of varying pitch, may take the form of a 

series of loose saddle bars per- 
forated by square holes, as in fig. 
147. Any number of these bars 
can be readily fixed together by 
passing square bars through the 
holes, and wedging each one in 
position. 

The surface of the sand pattern 
is coated with loam, and the clay- 
washed saddle, bedded in position, 
is then built up with brick and 
Fio. 147.— Saddle Bar. loam as usual. Each blade is so 

covered, and a separate covering 
part, made for the boss, which will contain runner and feeder. After stiffening, 
V grooves are cut for guides, and each covering part lifted off, lifting being 
effected by means of eye bolts in the two external bars of each saddle. The 
sand pattern is removed, and the mould finished, dried, and made ready for 
casting. Only two features call for note here. First, the usual sotting for the 
boss core is foimd in prints placed on the pattern ; but if, for reasons of feeding, 
it should be desired to continue the boss, the core must be lengthened to the 
same extent. The usual method of feeding is by means of round feeders placed 
directly on the boss, and kept open by means of feeding rods. The other 
point is in binding the saddles down. When the mould is completely closed, 
a ring plate is laid over the top, and supported on stools carried from the 
bottom plate. This ring is then cramped down to the bottom plate, and the 
top of each saddle is wedged securely down from the under side of the ring. 
The whole is then lifted into a pit, and rammed up as usual. Practically 
speaking, a single blade is moulded in the same way with the provision of a 
wood pattern for the head, although, in the majority of cases, when blades 
are made separately, full patterns are provided, and the mould is then made 
in dry sand. 

The propeller is a good example of a spindle and sweep working over a 
guide ; but, with certain types of castings, guides have to be used alone. For 
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example, assuming an octagonal figure is requirecl, then a wooden frame 
giving an outline of the top and bottom are set up and used as guides in 
building and strickling, and for the finishing coat straight edges are worked 
over the guides. By the aid of thicknessing, cored castings may be produced, 
and, with suitable guides set in line with each other, practically any form of 
casting e^m be made. Grenerally, however, it will be found cheaper to make a 
skeleton pattern of the required outline. This introduces the last aspect of 
loam moulding, namely, that in which the form of the mould is obtained from 
a more or less complete pattern. 

Loam moulding from patterns is followed in many foundries, but more 
especially in marine shops engaged on heavy work. From the description 
given, it will have been noted that loam moulding implies no expensive 
accessories, and the required tackle can all be made on the open sand bed. 
Hence, under certain conditions, it may be cheaper to mould from a pattern 
in loam than to make boxes or tackle for a sand mould. Further, loam 
moulds are, generally speaking, safe, though, naturally, the choice of method 
will depend on the equipment of the foimdry, the type of pattern, and the 
number of castings required. 

A propeller boss may be taken as an example of a complete pattern ; and 
the first step lies in laying an open and well-vented course of brick on a stout 
foimdation plate. Two close courses are built on the top of this, and a level 
bed struck off. The pattern is bedded on, with the shaft core in a vertical 
position, thus placing the recesses for the blade heads at the sides of the 
mould. The contour of the pattern demands a central joint ; accordingly, the 
pattern is divided, but, if not, the prints for the blade heads are loose or are 
loosened during the progress of building. The pattern is then bricked up to 
the joint, a matter easier to do than to describe. However, the face of the 
pattern is loamed over, and claywashed bricks are regularly pressed into the 
loam. Regularity is essential, for the end of the brick must not press all the 
loam out, thus coming into contact with the pattern, and yet it must be 
pressed sufficiently hard against the pattern to consolidate the loam and 
render it compact when dry. The external form of the building should be 
square, and carried well back from the pattern for the sake of stability. The 
latter is further increased by building rings, which should be bedded in every 
three courses. On reaching the joint, this is made good, and, preferably, 
stiffened before further work. A coat of blackwash ensures an effective part- 
ing, and on this a layer of loam is spread for the reception of the claywashed 
building ring. Lifters are cast into the back of this ring, in order that it may 
be bolted to the top plate. Building is continued with the intervention of 
building plates, as in the lower part, until the top of the pattern is reached. 
The whole top is then loamed over for the reception of the top plate, which is 
provided with dabbers on its lower side, a central hole for the shaft core, 
holes for the hook bolts, runners, feeders, etc. The hook bolts connected with 
the lifters in the joint plate are cleared, and the top plate lowered over them 
and bedded on the loam. Washers over the bolts and nuts admit of a firm 
connection between the two plates. Other points calling for note are the fact 
that, after stiffening the complete mould, the top part is lifted off as though 
it were a box and turned over to finish. Turning over is not an easy task, 
but is accomplished by setting the top part, as lifted off, on battens clear of 
the floor. Slings are securely passed over the snugs on one side only, and the 
crane brought into play. PracticaUy, the battens are used as trunnions, and, 
on the top part reaching a vertical position, the crane is travelled forward 
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until the plate departs from the vertical, when it is lowered down and brought 
into a horizontal position with the face of the mould uppermost. This is 
another example of an operation easier to do than to describe, and we should 
certainly not advise anyone to attempt it without very careful thought, and, if 
possible, only after having actually witnessed the turning over of a loam top 
part. Having turned it over, the top part is finished and dried. As the 
joint will cut the blade head cores, these are conveniently split across the 
diameter, one half being nailed in each half print. After closing, the mould 
must be securely bound, and firmly ramm^ in a pit. Naturally, such a 
mould coidd easily be made in dry sand ; but, apart from the conditions 
already noted, a solid boss of this character made in loam offers exceptionally 
good resistance to the searching action of gun-metal, which represents the 
type of alloy used for the better quality of bosses. Gun-metal boss and 
manganese bronze blades represent the most costly type of propeller, whilst 
the cast-iron boss and blades represent the least expensive type as regards 
first cost. 

When working from skeleton patterns, the inside of the pattern is usually 
built up to serve as a core, from which external parts of the mould are formed. 
Large-sized centrifugal pumps are made in loam by this plan, and, in such a 
case, the mould is practically composed of three main parts : (1) the central 
core carried on the foundation plate, (2 and 3) the two drawbacks on either 
side of the core. Auxiliary parts are : drawbacks for brackets, covering 
plates for discharge pipe, flange, etc. However, a more simple case will give a 
clearer illustration of the methods followed. Assuming there is a skeleton 
pattern of the form shown in fig. 148, then the first requirement is a bottom 
plate bricked with one course, and strickled level. The centre of this plate 
should be cored out to admit of bolting the core irons down. On the flat 
joint already formed, another course of brick is laid corresponding in outline 
to the flange of the pattern. The sides of this joint are tapered, and its 
surface strickled level. After stiffening, the pattern is set on this bed with a 
suitable core grating inside it. This grating must be of sufficient stability to 
support the core, an effect increased by bolting it to the bottom plate by 
means of hook bolts passed through the hole already mentioned. The core 
grating whilst rigid should, however, be considerably smaller than the casting, 
in order not to retard its contraction ; for this is a type of core which cannot 
be reached in order to loosen it after casting. The inside of the pattern is 
built up with loam brick and loam, an ash centre being provided for venting. 
The outside of the core is brought flush with the ribs of the pattern, and is 
then strickled down to a depth equal to the thickness of metal required in 
the casting. This is made good by clay thickness strips, the whole surface 
being brought into even lines to form a good pattern, for the outside. After 
the core has stiffened, the outer portion of the mould is commenced. For this, 
two drawback plates are required, which should fit against the raised joint of 
the core and butt against each other at the ends. In other words, each draw- 
back must carry one complete half of the outer part of the mould. The ends 
of each plate are provided with lifting snugs, over which slings may be passed 
from a lifting beam. One drawback is completed first, and, for stability, 
building plates are laid every three courses. A glance at the pattern, fig. 148, 
will show that the drawbacks have a considerable overhang from the drawback 
plate, therefore the building plates must be carried well back into the draw- 
back in order to preserve the balance. The building is carried about three, 
courses above the pattern, brought over to the centre, and a top plate bedded 
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ou in line with the centre line of the pattern. The second drawback is then 
built up against the first, and to the same height, the two top plates butting 
together, except for openings through which runners may be cut later. 
Every part of the pattern is now covered, except the face of the round flange 
on the discharge pipe. This is coated with loam, and a flat drawback plate 
bedded on. The whole structure is then stiffened and made ready for parting, 
guide lines being marked across the top, sides, and bottom of drawbacks. 
The drawbacks are lifted away by means of beam and slings, the first step 
being to balance carefully, then to take the weight in the crane without actually 
lifting, and draw away until clear of the pattern. The drawback is then hoisted 
up and set on the stove carriage to finish. After removing the second draw- 
back, the core is ready for attention. All the thickness strips are removed, 
as also the screws holding the skeleton pattern together. Each separate 
piece of the pattern is drawn out, and the space filled in with loam. Core and 
drawbacks are then thoroughly dried, after which, the faces are dressed over 
with sandpaper and the thickness tested. This is done by tucking small balls 
of clay all over the core and then fitting the mould together. After opening 




Fio. 148. —Skeleton Pattern. 

out again, each clay gives an index of the thickness in its own locality, and, if 
thin, the core is dressed down with sandpaper, or, if too thick, the face is 
brought up by a coating of fine loam. In castings of this character, even 
thickness is an important point ; hence the necessity for a careful test before 
closing the mould. Having attained the right thickness, the mould is black- 
washed, dried, and made ready for casting. After closing, the drawback plates 
may be cramped together by their lifting snugs, and the mould bound down 
from the bottom plate. The pit should be firmly rammed, and the drawback 
plate over the flange wedged from the sides of the pit as the ramming pro- 
gresses. Such a casting is usually run directly from the top ; hence, before 
closing, flat gates are cut through, and, after closing, a runner head made up 
over them. 

One objection often raised to loam moulding from patterns is that the 
patterns are burnt when stiffening up the moulds, but this need not occur. 
Actually, the mould only requires stiffening, not drying, and this is easily 
effected without damage to the pattern. Drying is effected after parting the 
mould and removing the pattern. 

In this survey of loam moulding, many aspects have necessarily been 
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omitted, but, in the space available, we have attempted to outline the various 
methods followed. Finally, it may be noted that any loam mould, being 
practically a brick structure, should be built somewhat on the lines followed 
in ordinary bricklaying. One of the greatest aids to stability is found in 
breaking the joints, the second in ties. The latter, in the case of a loam mould, 
are represented by building rings or plates, and, although not essential in 
every case, a good practical rule is a building ring every three courses. Let 
it be noted that building rings in the case of internal cores should be split, 
and so laid that they can be forced together by the contracting casting. 
External stability has been discussed, and it is always advisable not to place 
too much reliance on pit ramming, but to regard it as an adjunct to other 
forms of binding. Loam brick should be plentifully used in pockets, under 
flanges or other parts where contraction is most forcibly felt. Loam bricks 
are also a valuable aid to venting. GJenerally the latter is effected through 
the joints of the hard brick, and is assisted whenever possible by ashes. Vents 
are led away, as in sand moulding, and vent pipes must be connected to all 
vents below the floor level. 



CHAPTER XIX. 

CHILL CASTING. 

Generally speaking, chills are used in conjunction with sand or loam moulds, 
and it is only in very exceptional cases that an entirely metallic mould is 
used. Such cases are common to the more fusible metals, as, for example, 
alloys rich in tin or zinc, and the castings made include various types of 
buttons, ornaments, and statuettes. In casting objects such as the last 
mentioned, the chill mould is filled with molten alloy, and, on solidification of 
the skin, the mould is inverted, thereby draining out the inside and producing 
an effect somewhat akin to coring. The castings are subsequently bronzed, 
and, as often as not, enter the market as " Antique Bronze." Such processes, 
whilst of interest, hardly come within the scope of the general founder, who 
practises chilling not because he wants a permanent mould so much as to 
obtain one or other of the following conditions : — 

^A) An equalisation of the rate of cooling in castings of varying section. 

(B) To eliminate sand cores. 

(C) To obtain from one grade of metal two distinct grades in the casting. 

A and B are applicable to any metal or alloy which does not become 
" chilled " by contact with a metallic surface, whilst C is limited to varieties 
of cast-iron which possess the property of chilling, that is, of becoming 
hardened to a greater or less depth by contact with a metallic surface. 

The majority of writers regard chill moulds solely from the point of 
producing hard surfaces ; but there is a growing tendency to use chills with 
many alloys and metals, the hardness of which is not affected, and in this 
direction much greater developments are to be expected. Generally speaking, 
any casting of unequal section tends to contract at different rates during 
cooling. Thus, that portion of the casting which is most rapidly cooled 
completes its contraction first, and it may be that a heavier portion with a 
consequently slower fall in temperature is contracting after contraction has 
ceased in the lighter portion. This condition of things results in stresses in 
the castings which are greater as the differences in thickness of section are 
more pronounced. For the moment, liquid shrinkage and solid contraction 
may be regarded aa simple contraction only, and, further, it may be assumed 
that castings in falling to the air temperature contract towards their own 
centres. The latter is based on the assumption of a casting of equal section ; 
but, obviously, in a casting of the form shown in fig. 149, two different centres 
of contraction will be formed. The light portion will cool rapidly, but the 
massive part will cool slowly, and in this way the complete casting will behave 
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as though it consisted of two distinct parts. The natural result is that the 
contraction of the light part is directed towards its centre A, whilst that of 
the heavy part is directed towards its centre B. Hence, in both portions of 
the casting the metal is drawing away from the jimction of the heavy and 
light parts. This is often sufficient to develop a fracture along the jimction ; 

but, even if this effect is not produced, a 
serious plane of weakness inevitably follows. 
Whilst this is bad with regard to strength, 
it is also equally bad as to soundness ; 
and it can be taken, as a general rule, that 
a mechanically weak area developed in this 
manner is also porous and open to admit 
Fio. 149.-Diagram to Illustrate the passage of water or steam. 

Unequal Contraction. Ideal conditions are found in castings 

of equal section ; but, unfortunately, in 
foundry work ideals are the exception and not the rule. Therefore, an 
effort must be made to obtain in castings of unequal section as nearly an 
equal rate of cooling as is possible under the conditions. This involves 
hastening or retarding the cooling of certain parts of the casting, and, in the 
case under discussion, this may be effected by the application of a chill to 
the heavy part. Thus, if the lower surface of the heavy part of the mould for 
fig. 149 is formed by a block of cast-iron, the light part being formed of sand 
as usual, then, on casting, the metal block or chill will rapidly abstract heat 
from the heavy part of the casting, thereby hastening its cooling and tending 
to bring the rate more nearly to that of the light part. The more equal is 
the rate of cooling the nearer do the centres of contraction A and B draw to 
each otber ; and if the rate is equal throughout the casting, the two centres 
merge into one ; thereby neutralising the opposing forces which resulted in 
the development of a plane of weakness along the junction. 

The heavier the chills employed the more i-apid the abstraction of heat ; 
but even comparatively light chills may be used in certain cases, in order to 
achieve the object of equalising the rate of cooling. Many intricate castings 
met with in malleable iron moulding can be saved from distortion or rupture 
by bedding a piece of plate, J-inch in thickness, against the thicker parts of the 
pattern when ramming up the mould. As the white iron used for malleable 
castings passes through a pasty stage of great weakness between its liquid and 
its solid state, a thin part of a casting comes to its strength so much more 
quickly than a thick part, that the former sometimes actually pulls the latter 
asunder ; and the skilful use of chills in the mould, by bringing the two parts 
to their strength about the same time, has many times enabled an order to be 
fulfilled when it would have l>een worse than impolitic to have pointed out or 
attempted to alter faults in design. Concerning the use of chills for these 
purposes, it should be noted that their surfaced must be free from rust and 
evenly coated with plumbago. The latter may be rubbed on dry, or the 
. plumbago may be mixed in water and painted on, the chill being dried before 
use. As the moisture of a green sand mould tends to condense on the chills, 
such moulds should not be closed until ready for casting. 

Chills are bedded against the pattern, and rammed up with the mould. In 
the case of plane surfaces, flat pieces of iron of smooth surface will answer, 
but curved surfaces require chills specially made to fit the curvature. An 
example is given in fig. 150 ; in this case the chills are rammed up with the 
cores, and secured by the rods cast in the back of the chill being carried well 
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Fig. 150.— Internal Chills in Cylinder. 



into the body of the core. This example illustrates a ready means of over- 
coming a difficulty of common occurrence in cast-iron cylinders, especially the 
small intricate types common to motors. The double thickness, and, therefore, 
slower rate of cooling, is provided for 
by the introduction into the core of a 
chill with the object of obtaining a 
rate of cooling more nearly approach- 
ing that of the body of the casting. 

Complete chills used as cores may 
have as an object the purpose of 
drawing away the heat from a mass 
of metal, or simply that of replacing 
sand cores. The latter is of limited 
application only, but has none the 
less certain advantages. A common 
example occurs in a fire grate for a register front, fig. 151 ; where the print A 
is desired to give two roimd holes through the foot of the grate for 
subsequent bolting on to the stove front. Such a core is more conveniently 
formed of metal, in that it is permanent, answers equally aa well as sand, 
and is therefore a time saver. The chill cores are readily removed from 
the castings, and for further use only require rubbing over with plumbago. 
In certain cases wheel centres may be cored out by metallic cores. True 
holes are thus obtained, into which a shaft or axle may be fitted without 
boring out the hole. The authors have for this purpose used round steel, 
cut to the desired length, and coated with plumbago. Certain patent coating 
compositions are on the market, and, whilst good, have not in our hands 

yielded better results than are 
to be obtained from plumbago 
coating. Turned cast-iron cores 
may be used with equal advan- 
tage, and, irrespective of the 
metal used, much better results 
are obtained if a slight taper can 
be given. In any case, metallic 
cores, when completely sur- 
rounded by metal, should be 
removed from the casting im- 
mediately after solidification. 

The freedom of a chill from rust 
has been emphasised ; it may be 
further noted that, in gating any mould containing a chill, the gate should be 
so cut as not to impinge directly on the chill. Further, the weiglit of the chill 
should be such that it will not be melted by the casting ; and, finally, when 
using cast-iron chills as cores, it should be remembered that repeated reheating 
of cast-iron results in an expansion or increase of volume. This only becomes 
of moment when very exact sizes are required ; hence, a cast-iron core for a 
wheel centre should, after using for some time, be calipered, and the increase, 
if any, in diameter turned oiF. 

A further example of the use of metallic cores is found in using screws to give 
an internal thread in brass castings. Before use, the screw is preferably coated 
with oil, and sprinkled with parting sand. Somewhat rough, but still effective 
threads, are obtained by this plan, and the method is useful in cases of emergency. 




Fio. 151.— Fii-e Grate. 
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The most familiar use of chills is found in the production of chilled cast- 
iron, which represents castings having a comparatively soft grey centre and an 
extremely hard exterior. The effect of chilling on the fracture is shown in 
fig. 152. The bottom part was cast against a chill, the sides against sand, 
and the top was open to the air. The bottom shows characteristic hard white 
iron fracture passing gradually into soft grey. In a later chapter it is shown 
that the hardness of a cast-iron is determined by the condition of the carbon 
present ; and reference to this chapter will show that white 
irons which are extremely hard contain the greater part of 
the carbon in the combined form ; whilst, on the other hand, 
a soft grey iron contains the greater part of the carbon in 
the free form as graphite. Therefore, the I'elation of com- 
bined to free carbon determines in a large measure the 
character of a cast-iron ; and, obviously, if in one casting 
this relationship can be varied, a combination of properties 
can be secured, and, with what are known as "chilling irons," 
the quicker the rate of cooling the whiter is the iron or the 
deeper the chill. Therefore, by producing conditions in 
which external faces cool rapidly, and internal parts 
slowly, the tendency is to produce on the surface a white 
iron and in the centre a grey one. The advantages of 
Fig. 162.— Chill Test such combination lie in the fact of obtaining an extremely 
Fracture. hard wearing surface, the brittleness of which is to some 

extent minimised by the softer backing. Dies, for instance, 
have a dead hard face modified by a backing of grey iron, which gives a 
greater working life to the die. Car-wheels are chilled on the tread, which 
gives a hard wearing surface ; similarly, certain parts of grinding or crushing 
machines, rolls for rolling mills, etc., are externally chilled in order more success 
fully to resist wear by abrasion. It is worthy of note here that certain grades 
of pig-iron give a deeper chill than others, the depth being also influenced by 
the thickness and temperature of the metallic chill and by the temperature of 
the molten metal. The five analyses given in the following table are of interest, 
and should be studied again aft^r reading the chapter on cast-iron. The first 
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Composition of Chiujng Cast Irons and Chilled Roli^s. 



Combined carbon, 
Graphitic carbon, 
Silicon, 
Manganese, . 
Sulphur, 
Phosphorus, . 
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5 
1-16 


0-80 


0-91 


0-80 


2-54 


2-47 


2-22 




2-00 


0-60 


0-80 


0-96 


1-67 


1-00 


0-61 


0-76 


0-67 


0-40 


0-42 


0-06 


0-06 




0-21 


0-19 


0-46 


0-60 


... 


0-44 


0-64 



and second are from chill samples that were taken at widely different dates, 
and that each gave about f-inch chill. The third is from a sample of pig 
sold for chilled roll making. The fourth and fifth are from chilled rolls 
which were reported to have done good work, and the fifth had about a 
J-inch chill. 

The example given in fig. 149 of a chill used for equalising the rate of 
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cooling may be also used as an illustration of the making of a die with one 
chilled face. The face of this chill is cut out to give the required contour to 
the casting, that is, beaded or fluted according to the character of the die. A 
pattern is bedded on the chill, and the mould formed, the chill remaining in 
position on removing the pattern. The method is shown in fig. 153, which is 
gated, as shown, in order that the metal shall not have a clear drop on to the 
surface of the chill. A feeding 
head is placed, as shown ; and 
if the die is at all massive, 
this head should be fed with 
a rod. 

Circular castings, such as 
wheels, which are chilled on 
the tread, are moulded in a 
three-part box, the middle part 
forming the chill. In repeat 
work, this mid-part is turned 
to size, and fitted with pins 
and snugs corresponding to the 
top and bottom parts of the 
box. The arrangement shown 
followed. 

Wheels of this character are largely made in the United States, and many 
foundries have specialised exclusively in them. Under such conditions, large 
outputs are the natural order of things, but a description of the particular 
methods followed hardly comes within the scope of this work. However, one 
or two points may be noted : — The wheels are removed from the moulds at a 
red heat, and placed directly into annealing ovens or annealing pits, in order to 
obtain a slow rate of cooling, and thereby to minimise contraction stresses in 
the central or unchilled portions. In addition to the usual mechanical tests, 




FiQ. 158.— Die Mould with One Face Chilled. 



in fig. 154 gives a fair idea of the plan 




Fio. 154.— Wheel with Chill Tread. 



these wheels have to pass a thermal test. This consists in surrounding the 
chilled tread with a band of molten metal IJ inch in thickness, and many 
railway companies specify that a certain percentage of the wheels ordered shall 
satisfactorily pass this test. 

In British practice chilled rolls form an important class of chilled cast- 
ings. A chilled roll differs from a grain roll in that the wearing surface is 
chilled ; hence, the mould is a composite one of sand or loam and metal. The 
metallic portion consists of a cylinder, or series of cylinders, bored out to size, 
whilst the neck and coupling are moulded in sand or loam. Fig. 155 gives 
an idea of the arrangement usually adopted. These castings are gated from 
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the bottom, and, as the moulds are rammed up inside a pit or curbing, the 
down gate is taken outside the mould, the ingate being cut horizontally, 
but at a tangent to the axis of the coupling. This gives the fluid metal a 
rotary motion around the axis of the roll, thereby tending to concentrate any 
sullage in the centre, and so assist in the production of a clean face. The 
surface of the chill is coated with plumbago, and special care must be taken 
to prevent the condensation of watery vapour. For this reason the chill is 

heated, and, immediately before casting, 

\ • it should be imcomfoftably warm to the 

£ hand. The thickness of the chill should 

r • bo sufficient to resist cracking by ex- 

\ \ pansion on the one hand, and, on the 

J""^"^?"]"^" ; p. .,..., other, to conduct the heat away rapidly 

^ from the casting, in order to give the 
^ required depth of chill, while the area 
^ of its metallic cross-section should be 
H at least equal to the area of the cross- 
^ section of the hot metal in contact with 
^ it. The feeding head of a chill roll 
is foraied by a continuation of the 
coupling ; and all rolls, chill, or grain 
should be well fed by feeding rods, 
i frequent supplies of hot fluid metal 
being added at necessary intervals. In 
i^ this sketch details of moulding have 
been omitted, since these details have 
already been covered imder other forms. 
It may, however, be noted that the complete mould, when placed in the 
pit for casting, should, in the first place, give a good bearing for the chill ; 
the golden rule of " iron to iron " must be followed. The gates are formed in 
cores, and the whole securely bound and rammed in order to withstand the 
strain of casting. Naturally, the couplings unist be absolutely central with 
the chill. F. Gorman of Pittsburg has patented a method, the object of 
which is to maintain the roll centrally within the chill during solidification 
and cooling, so that all points may be equidistant from the face of the chill. 
This is achieved by the projecting collars of siind, shown in fig. 156. It is 
claimed that the thin rings of metal so formed cool quickly, and retain their 
cylindrical form, thus serving as a guide for the roll during its solidification 
and cooling. When turning the casting, these rings are cut off^, and the chilled 
face reduced to the proper length. Another patent by Gorman has as an 
object an increase in the working life of the chills, and is attained by having 
renewable liners, as illustrated in fig. 157. 

Finally, chilling must always be regarded from the attitude outlined in 
opening this chapter ; and, although geiuiinely chilled castings form a distinct 
proportion of the totil castings produced, yet the application of chills to 
certain types of moulds without producing a hard surface, as, for example, in 
steel, brass, and non-chilling ciist-irons, forms a field capable of great extension. 
This plan will in many cases cut down wasters due to porosity or contraction 
stresses, and we have often found it the only solution when met with difficulties 
in the way of hopelessly designed castings. 

It has been stated that complete metallic moulds hardly come within 
general founding ; however, as examples of tinie savers, metallic moulds for 



Fig. 156.— Chill Roll. 
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lifters and care irons may be quoted. Chill moulds for these purposes are 
readily made, and are practically permanent. Sash weights may be also made 
entirely in chills ; and the moulds, if continuously used, are water cooled by having 

wrought-iron pipes cast inside, through 
which cooling water is circulated. 

Ingots hardly come within chill 
moulding ; but, none the less, a series of 
ingot moulds is of service in both iron 
and brass foundries. Special iron mix- 
tures are often passed through tha cupola, 
and cast into pigs before melting for the 
production of a casting. Usually the 
pig moulds are formed by drawing a 
hand ladle over a bed of dry sand, thus 
forming a rough open channel. A neat 
and effective ingot mould is shown in 
fig. 158, and a series of these may be set 
on a gantry, and used for the production 
of clean pigs. 

A similar method is followed in 
brass foundries, with the addition that 
every drop of spare metal should be 





Fio. 166.— Chill Roll (Gorman's Method). 



Fio. 157.— Chill Mould with Renewable 
Liners. 



poured into an ingot mould and not on to a sand bed. The higher 
intrinsic value of brass renders this not only advisable but also necessary. 
Naturally, if the brass is melted in crucibles, the ingots must be of com- 
paratively small size. Generally, 
the moulds used stand in a row 
near to the furnaces, and the mould 
and its contents have to be turned 
completely over by hand to eject 
the ingots. A series of moulds 
similar to, but smaller than, fig. 
158 may, by the addition of a socket to the bottom, be set on an iron bar; 
a girder is fixed in such a position that on throwing over the mould it arrests 
the fall at a point where the ingot will readily fall out. We have found 
an arrangement of this kind effective and serviceable. 




Fio. 158.— Ingot Mould. 



CHAPTER XX. 

CASTING ON TO OTHEB METALS. BUBNINO. 

It has been shown in Chapter XIX. that, by the use of a composite mould of 
metal and sand, two grades of metal are obtained in one casting. This practice 
is limited to certain grades of cast-iron, since neither steels nor brasses " chill " 
in the same sense as does cast-iron. In many cases composite castings are 
required, and, though it is usual to make the castings separately, and bolt 
them together, still, to a certain extent, two entirely distinct metals can be 
united in one mould. A common example is that of a cast-iron wheel, the 
spokes of which are formed of steel. In making such a wheel the full mould 
is made, and the steel arms laid in position, the ends projecting into boss and 
rim respectively. On closing the mould it is evident that boss and rim are 
isolated from each other, and practically form two separate castings ; hence 
they are separately poured. It may be advisable to pour the two at distinct 
intervals, in order that the contraction of one shall be complete before that 
of the other commences. Other common examples are found in railings, gates, 
and bedstead work, which represent wrought-iron rods or tubes bound together 
and decorated by cast-iron ornaments. Obviously, the moulds in these cases 
may be comparatively large, whilst the actual castings are small. 

It must be remembered that in all cases in which steel or wrought-iron is 
cast into other metals, no actual fusion of the two metals occurs ; hence, the 
resulting grip is solely due to the contraction of the surrounding metal. For 
this reason, it is advisable to flatten, taper, or indent any projecting heads 
which have to be surrounded by molten metal. Thus, in stove-grate moulding, 
screws and staples are cast into the back of register fronts and the like, 
whilst hooks are cast into ranges. The object of casting in is to save subse- 
quent fitting ; and, in order to make the screws hold, their heads are flattened, 
thus obtaining a wedge fonn, as shown in fig. 159, the same form being also 
given to the staple and hook. Screws and staples are simply packed in the 
top part, leaving the head projecting to the necessary depth. Positions are 
marked on the back of the pattern by a small boss, in the centre of which a 
screw head is placed to serve as a print for the screw. Hooks are placed in 
position by means of a core print, which is the full length of the head of the 
hook ; sand is then filled in, and only the head left projecting. These cases 
of composite castings simply represent an effort to save fitting, and herein lies 
the chief reason for casting iron or steel into cast-iron. Another example is 
found in heavy weights wliich have lifting eyes cast in, instead of being 
drilled and tapped in. Here, again, a good taper on the head buried in the 
casting must be allowed, and the bent over form shown in fig. 1 60 is often 
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Fio. 159.— Screw, Staple, and Hook. 



adopted. An alternative form of lifting eye, which is easily made, is shown 
in the same figure. Quite apart from taper or special bends, the rougher the 
surface the better the grip of the surrounding metal; and, as with chills, 
these surfaces should be clean, free from 
rust, and placed in the mould under con- 
ditions in which water will not condense 
on them. Unlike chills, the surface must 
not be protected by plumbago or other 
substance used for a similar purpose. 

Wrought-iron pipes are sometimes 
required to be cast in a block of cast- 
iron, and, in such cases, if the pipe is 
straight, it is treated as a core, that is, 
laid in prints and chapletted down along 
its length. In order that it shall retain its shape when surrounded by fluid 
metal, the interior of the tube may be rammed with sand, vented, and dried, 
or simply filled with parting sand. The latter is preferable in the case of 

return pipes, as the parting sand is 
more readily removed when trimming 



the casting. Return pipes, such as 
are cast in steam heating plates, 
present various difficulties when cast 
on the flat. These are chiefly due to 
unsoundness along the top of the pipe 
and to the difficulty of retaining the 
pipe in its exact position. Reference 
to fig. 161 will show that if made on 
the flat with the two ends supported 
in prints, there will be a very con- 
Even if the bearing in the prints is 
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Fio. 160. — Lifting Eyes. 



siderable upward lift at the U-bend. 

absolutely rigid, the pipe, when heated by fluid metal, becomes flexible, and 
will readily bend upwards by the pressure. Therefore, along the length of 
each leg, and particularly at the 
bend, the pipe would require firmly 
binding down by means of chaplets, 
a matter of some little difficulty. 
Chaplets may be dispensed with, 
and all risk of imsoundness elim- 
inated by making the mould to cast 
on end, as in fig. 161. In this case 
the top of the mould is formed by 
a loam plate, and the pipe is held 
firmly in position by a nut on either 
side of the plate. The lower nuts 
are covered over, and the surface 
made good after tightening the pipe 
in position. A green bottom part 
will answer in most cases ; but, 
when the depth exceeds 2 feet, the bottom part should be dried in order to 
eliminate any risk of swelling. 

Other examples of casting steel in cast-iron are found in parts for printing 
machines, and the like ; and in the majority of these cases the steel takes the 
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Fio. 161.— Return Pipe. 
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form of rods cut to length and inserted with a view to act as journals. As a 
rule, and provided ordinary care is exercised, the casting of steel pieces in 
cast-iron, such as is indicated in the foregoing, and as found in the inclusion 
of steel pole pieces in cast-iron field frames, etc., offers no difficulty that ciemnot 
readily be overcome. Such is not the case with casting brass liners on 
shafts and plunger rods. Here difficulties arise, due to porosity in the brass, 
which, as a rule, only shows when the liner reaches the machine shop and has 
had its outer skin removed. Why this difficulty should arise is hai^ to say ; 
none the l^ss, the difficulty is there, and, as this is an important class of work 
in many brass foundries, has of necessity to be overcome. Various " fakes " 
are practised, and the authors have spent much valuable time in testing them 
without obtaining any results of special value. These treasured and closely- 
guarded fakes apply in different cases to (1) treating the shaft, (2) preparing 
and method of gating the mould, and (3) the composition of the brass. 
Whilst it is well known that certain alloys will run round an iron shaft, and give 
a more solid liner than others, this is useless in ^iew of the fact that the 
composition of the liner is usually specified, the founder therefore having no 
choice. The authors' records for a number of years show that in a variety of 
cases, varying from small spindles up to large tail shafts, composition in 95 
per cent, of the shafts lined was specified by the purchaser or engineer in charge 
of the work. Where a range of composition is permitted, a gun-metal of 
approximately 5 per cent, tin and 8 per cent, zinc, touched with aluminium 
just before casting, will give as good results as any alloy applicable to lining, 
softer brasses being useless for liners. The alloy most commonly specified is 
that known as Admiralty gun-metal, which, containing 10 per cent, tin and 
2 per cent, zinc, is considerably harder than the foregoing. 

So far as moulding fakes go, the authors have found them to savour chiefly 
of the nature of fads, and their experience is that the more simple and direct 
the procedure the better the result. Directness lies in recognising the shaft, 
for the time being, as a core which is non-porous and will expand as 
the lining contracts. Whether such a core gives off gas at the temperature of 
casting is a question ; but it is certain that if any gases are evolved they must 
pass along with those of the mould through the mould itself. These conditions 
are the reverse of those existing in an ordinary core. As the lining contracts, 
the shaft expands ; the latter should, therefore, be expanded as much as possible 
before inserting it»in the mould. This is effected by heating it to a dull red 
heat ; in other words, to a temperature at which the shaft will not bend by its 
own weight when handled. In a green mould the best conditions for getting 
away the air are found in having the shaft on end, which, under ordinary 
conditions of equipment, limits the procass to what are in reality little more 
than spindles. Should a hea\'y shaft be lined on the flat, the prints, especially 
with a green \ mould, should be packed with metal to make an unyielding 
support for the shaft. However, when cast on the flat, a dry sand mould is 
preferable, and the following procedure is the best the authors have yet 
experienced : — 

A pattern, as in fig. 162, is desirable, the prints of which should be of 
sufficient length to pass through each end of the moulding-box. These prints 
may be packed up by means of distance pieces from the bars of the box, but 
a better arrangement is to have stools at either end of the box, and use them 
for the double purpose of supporting the shaft and binding it down. This 
arrangement involves the use of a bottom plate projecting beyond the ends of 
tlie box. The bottom part and bottom plate are bolted together, and the two 
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half stools set to the projecting prints, and firmly bolted in position. The 
mould is completed and gated from either end by means of plump gates, 
risers being placed along the centre of the top. After thoroughly drying, the 
bottom part and plate are set on a level bed, the shaft fitted in and thickness 
tested by means of clay strips ; and, if the stools have been correctly set, this 




Fio. 162. —Liner Pattern. 

thickness should be uniform. The shaft is then heated to what is technically 
known as " a blear red heat " ; and with the usual foundry equipment this can 
only be effected by building a fire around it, extending to the length of the 
lining. On attaining this temperature the shaft is slung, cleaned by brushing 
off any adhering soot, ete., and returned to the mould, the latter being then 
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closed and made ready for casting. A top half stool placed over each bottom 
half and bolted to the bottom plate gives an effective binding for holding the 
shaft down. The final arrangement is shown in fig. 163, which gives a longi- 
tudinal section of the completed mould. A section through the gates is 
shown in fig. 164, and through the stools in fig. 165. As already stated, this 
is the best method the authors have experienced, and, as a rule, gives good 
results. If any blowholes are found 
along the top side of the liner, they 
are filled in by "burning." A 
moderately thick liner may be cast 
on in two portions, the first coating 
being half the desired thickness. 
This doubles the work, involves the 
preparation of two moulds, and a 
thorough cleaning of the first liner. 
The object is, however, found in the 
idea that the second liner effectually 
fills in any bad places on the first. This idea is, however, not always realised. 
Undoubtedly, the l)e8t practice is found in casting the liners separately, boring 
them out to a tight fit on the shaft, on to which they are subsequently shrunk. 
Liners up to 30 feet in length are so treated ; and the junction of two liners, as 
in a propeller shaft, is subsecjuently " burned " in the foundry. 

Burning is followed in foundry practice, for a variety of reasons, including 
the obliteration of defects in castings or repairing broken ones and joining 
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separate pieces together. The principle of burning lies in flowing molten metal 
over the parts to be joined imtil they have fused together. This is effected by 
moulding a channel over the junction into which hot metal may be poured, 
whilst an outlet is provided for the surplus metal. The mould for a bum may 
be either open or boxed, according to whether the upper surface is horizontal 
or otherwise. Amongst the points to be noted in burning are, the surfaces 
should be perfectly clean ; the metal or alloy used should in most cases be of 
the same composition as the casting, and in every case must be hot and fluid. 
In moulding, a sufficient head of metal should be left in order to chip out to 
the contour of the casting, but the smaller this head the better the result. 
Sufficient metal must be run through the bum in order to effect a fusion ; but 
here, again, no good results by passing this limit. 

Sheet brass may be readily burnt in the brass foundry, as, for example, 
in the case of a plain register front. Such fronts are fixed to a cast-iron one, 
and thus, when in position, give the appearance of a solid brass front. The 
sheet brass is cut to shape, and in three pieces, a cross piece and two legs. In 
the brass foundry these three pieces are laid on a level sand bed, and the legs 
set in line with the top piece by means of a straight edge. A piece of wood, 
about ^-inch wide, is laid across the joint, and sand packed up to about 1 inch 
in height, and, on withdrawing the wood, an open channel remains across the 
joint of the two pieces. One end of this channel is cut down to half an inch in 
height, and an open runner made from it to a small pig bed on a lower level. 
On flowing brass through this channel, the surplus is taken away by the cut- 
out end, and in the course of a few moments the sheet brass will have fused. 
If left at this stage to solidify, the two pieces will, when cold, be effectively 
joined. Whilst pouring, the pot must be travelled up and down the channel, 
and the stream of metal should be so manipulated as to strike the joint and 
not splutter over the sand. This involves a pot having a clean lip. The pro- 
jecting lumps are ground or filed off, and the burnt joint will be found to be 
stronger than a brazed joint ; and, if the composition of the burning metal is 
similar to the sheet metal, the colour will be imiform throughout, a point of 
some importance in all artistic work. This principle is applied to any brass 
casting which, owing to its intricacy, cannot be moulded in one piece. The 
pattern is made in segments, which, after casting, are fitted together and then 
burned. Intricate ornamental figures are often made up in this way. 

A box bum is essentially the* same as an open one, except that the channel 
is covered over and a runner and flow-off provided. The latter must in every 
case come off at a higher level than the casting, but also at a lower one than 
the runner. An example of burning an irregular surface is found in the case 
of a cast-iron fender curb. These curbs are made to standanl sizes ; and, when 
an odd size is required, it may be obtained by cutting the centre from a larger 
one, and burning the two halves. These halves are levelled off on a sand bed, 
face side down, and, about the locality of the bum, sand is packed up level with 
the outer edges and a joint made. A small top part is placed on this joint, 
and centred to the part to be burned. A wedge-shaped runner is placed over 
the junction of the two pieces, and the box rammed up, a lifter being placed 
in the centre to insure a clean parting. On lifting off, a line will indicate 
the junction of the two parts of the curb ; a channel J-inch wide by J-inch 
deep is cut along this line. This channel is continued to a hole in the side of 
the box, and serves as a flow-off. Reference to fig. 166 will show a section 
of the bum ready for pouring. It will be seen that the box, when returned, 
leaves a channel directly over the junction of the halves, and, on pouring metal 
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Fio. 166.— Box Burn. 



down the runner, it will flow down one side and up the other, passing away by 
the flow-oiF into a small pig bed. The two foregoing examples are given to 
illustrate an open and a box bum ; and, quite apart from the particular cases 
quoted, the general applicability of the method will be noted. It must, 
however, be observed that both cases represent the simplest aspects of burning, 
as also that the articles burned are perfectly free to expand when heated by 
the flowing metal, and equally free to contract when cooling. Reverting to 
liners on steel shafts, it will be remembered that the method advised was that 
of shrinking on, and, in the ev6nt of two liners being necessary, to bum the 
junctions. This only happens in the 
case of long propeller shafts, and, owing 
to the weight of such a shaft and the 
difficulty in handling it, the most con- 
venient method of burning is by a series 
of open bums. If the tuming shop is 
adjacent to the brass foundry, the shaft 
may be burnt whilst in a lathe, but 
such a course is usually debarred by the distance which the molten brass has 
to be carried. Failing the lathe, the shaft is left on the trucks which bring 
it into the foundry, and rotated as required by me$.ns of an overhead crane. 
Two open bums, about 4 inches long, may be made each rotation. The sand 
necessary for the channels and pig beds is placed on staging packed up from 
the truck, and the bums are so made that no metal projects over the liner. 
In pouring, only sufficient metal to efl^ect a fusion is flowed through the 
channel, for, obviously, this is a case in which the article burned is not free 
to expand or contract. However, by careful manipulation, the junction may 
be followed round without the development of cracks ; and, should any occur, 
they are burnt up again. It will be seen that this method involves a com- 
paratively large number of bums and a fair amount of 
subsequent chipping, but it is as good a method as can be 
found, and the risk is slight. 

In ordinary cases, burning is followed in order to remedy 
defects in castings, and is often the means of saving what 
would otherwise be a waster. For instance, the flange of 
a pipe, if poured short, may be made good by burning a 
piece on, as in fig. 167. Similarly, if the gate is broken in, 
or if blowholes or dirty places are present, the defect may 
be remedied by means of an open bum. Bums, such as 
the flange shown, involve very little risk ; but, when bums are required in 
the centre of a cylindrical casting, then risk, due to cracking, becomes of 
moment. In many cases this risk is lessened, if not obviated, by heating 
the casting before burning, and, as the casting has thus expanded before the 
molten metal is poured on, both bum and casting cool and contract at the 
same time. 

In preparing bums of this character, the inside of the casting is rammed 
with sand and dried. The casting is then set in a pit in the position required 
for burning, and the necessary channels made up in either sand or loam. The 
latter may be in the form of loam cake, carded down to shape, or, if a close 
bum, the box is lifted away and dried. A fire is built round the casting, and 
the temperature raised to as near a red heat as possible. On attaining a high 
temperature, the mould for the burn is replaced and weighted in position, over- 
flow channel and pig beds made, and the burning metal flowed through. The 
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whole is allowed to cool slowly with the dying fire, and is not disturbed till 
contraction is complete. 

Evidently, then, success in burning any part of a casting which has no 
freedom of movement lies in having the whole of the casting as fully expanded 
as possible before treatment, in order to eliminate as far as possible the risk 
of cracking due to unequal expansion and contraction. In the case of cast-iron, 
burning a hot casting with the resulting slow cooling has a further advantage 
in eliminating chill in the burned part. 

If the defective part of a casting is large, it is better to cast a piece, 
separately, of the required shape, loosely fit it into the aperture, and then 
follow the joint by a series of open bums. Apart from the difficulty of 
contraction cracks, burning either cast-iron or brass castings is eflfected with 
comparative ease, and the process has a legitimate position in any foundry. 
As a means of removing unsightly, but otherwise unimportant defects, of 
repairing broken castings or joining separate castings together, it has a very 
useful purpose, and from experience the authors can state that comparatively 
few founders carry burning beyond its legitimate sphere. 

Steel castings, owing to the higher temperatures involved, offer greater 
difficulties in burning than cast-iron or brass. This feature largely explains 
the adoption of electric welding by steel founders. Where molten cast-iron is 
available, as, for instance, in a Bessemer steel foundry, effective bums arc 
made by washing out with cast-iron first and then immediately following on 
with a stream of steel. Burning steel castings by means of thermit possesses 
advantages, chief of which is that the work can be effected away from or 
independent of melting furnaces. Practically, the method is the same as 
flowing molten steel through or over the part to be burned. The 
difference consists not so much in making ready for burning as in readily 
obtaining extremely hot and fluid metal. The latter depends on the thermit 
reaction, viz., that when powdered aluminium and an oxide are in contact the 
reaction started by an elevated temperature results in a rapid oxidation of the 
aluminium. This oxidation develops a very high temperature, and the oxygen 
of the oxide passing over to the aluminium leaves the metallic portion free, 
with the consequent formation of alumina. The dual rdle of thermit lies in 
reducing an oxide, and delivering from it the metal in a state of perfect fluidity 
and of a temperature eminently suitable for burning. 



CHAPTER XXI. 

WEIGHTING AND BINDING MOULDS. 

For the general run of work the usual methods of securing a mould are found 
in (1) weights, (2) cmmps, and (3) cotters through the box pins. These 
methods have, to some extent, been discussed, and the only further points 
calling for note are, first, the self-evident fact that in the case of loose weights 
the weight employed should be ample for the purpose. As a rule, this is 
obtained ; but it does not always follow that the weight is properly placed. 
For example, the weight should be distributed evenly over the box edges, and 
an equal bearing obtained on all parts of the joint. In cases where the 
pattern comes relatively high in the top part, the weight should also bed 
directly on the mould, in order to prevent a burst through. This is of special 
moment in the case of brass castings or alloys of high specific gravity, and a 
good rule is always to bed the weight directly on the top of the box, thus 
obtaining a bearing on the sand as well as on the sides of the box. The 
weights shown in figs. 13 and 14 are very suitable for this purpose. Where 
the top part is larger than can be covered by one weight, a turning board 
may be bedded over it, on which the weights are laid, thus increasing their 
effectiveness. With regard to cramps and cotters, a point of note lies in the 
fact that they are chiefly effective round the joint of the box, and, if the latter 
be of large area and light section, there may be a tendency to spring in the 
centre when casting. In such a case the efficiency of the cramps should be 
increased by weights placed over any parts likely to spring. 

Whilst in many cases weights are essential, in the case of large work they 
are, at the best, only a makeshift, and a tendency in many foundries is to rely 
on weights and pit ramming to a greater extent than is safely permissible. 
A dead weight, provided it has an effective bearing, cannot reasonably be 
objected to, and it will be safe up to within its limit of resistance to the 
pressure or movement below it. However, the difficulty with intricate or 
built-up moulds lies in making a dead weight effective on all parts of the 
mould. Pit ramming as a security for binding is of secondary value only, and 
the net security is dependent entirely on the character of the backing beyond 
the rammed part of the pit. Thus, an unyielding curbing surrounding the 
mould offers a good and safe backing for ramming sand between mould and 
curbing. A hole dug in the floor some three or four feet larger than the 
mould, and, after the latter is placed in position, simply rammed up, can 
only be regarded as a preventative of run-outs through bad joints. The 
resistance offered to pressure is entirely dependent on the character of the 
floor backing the rammed part of the pit. In the case of tank or brick pits, 
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if originally rammed in even courses to the top, then, on digging out to place 
a mould, more or less compact sand surrounds the hole so formed, and a more 
solid backing is thus obtained for the sand rammed between the moidd and 
the sides of the hole dug out. It is absolutely necessary to regard these 
limitations to both weights and pit ramming, and some recognition of them 
in the past would have saved many wasters, and, in several cases, accidents 
to members of the casting squad. At any rate, the lessons of these wasters 
most forcibly show that pit ramming should never be regarded as a substitute 
for binding, and that there is more in placing a weight on a mould than 
actually meets the eye. 

CJomplete boxes oflfer no difficulty in securing. When the mould is con- 
tained in several distinct parts, as, for example, a heavy bedded-in job with 
several drawbacks, and covered by a top part in two or more pieces, the 
difficulties increase ; a remark also applicable to all classes of loam moulds. 
Taking heavy bedded-in work first, if a plate is set below the coke bed, an 
unyielding support for the sand of the mould is obtained. Not only so, but 
bringing stools from the plate to the level of the joint gives a solid bearing 
for the top part. Rings passed over the snugs of the plate may be caught in 
a hook-ended bolt, the screwed end of which may be passed through a girder 
placed over the top part. A washer and nut complete the outfit, and a mould 
so bound down is " iron to iron " throughout ; the top part cannot crush by 
reason of the stools, it cannot lift by reason of its attachment to the lx)ttom 
plate. This method is followed in all modem foundries, and its virtues are 
simplicity and seciurity. The bottom plate may take the form of any con- 
venient loam building plate, and it takes no longer to bed than if the mould 
- were made without it. Fig. 168 gives details of useful binding tackle. The 
stool shown at a is of cast-iron, and a series of different sizes are handy. 
Failing this, distance pieces must be used to give different heights. The 
coupling ring, b, is made of metal 1^-inch in diameter, and the hook bolt, e, is 
cut with a 1 J-inch thread at the top. The binding bar, dy may seem elaborate, 
but actually it is not so, and we have found it of high value. It is made in open 
sand, with two pieces of round iron, cast one in each side for convenience in 
lifting. 

The method of binding is as follows : — After the bottom plate has been 
bedded down, the requisite number of stools are set to give a bearing for the 
top part, and, if too low, the correct height is obtained by flat plates of packing. 
Coupling rings are passed over the snugs of the plate, and the moulding is then 
proceeded with. When the sand sides of the mould reach the top of the 
coupling ringS) hook bolts are passed through and rammed up with the sides, 
care being taken to keep them in a vertical position. 

These bolts should be set to clear the top part, and come outside when the 
latter is lowered in position. Shoidd the top be of such a width that the bolts 
come inside, then a space around them is left clear and not rammed. When 
ready for binding down, the bar, d, is lowered over two opposite bolts, a washer 
passed over, and the bolts tightened by nuts. The actual number of bolts and 
binding bars used w411 depend on the character of the mould and on the 
number of top parts covering it. Assuming that one side of the mould has 
to be lifted away as a drawback, then the hook bolts on that side are not 
placed in position imtil the drawback has been returned. In such a case the 
bolts serve a further purpose in that they can be used for supporting the back 
of the drawback. Thus, a plate may be bedded up against the drawback, and 
after the bolts have been tightened over the top part, they are sufficiently rigid 
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to admit of wedging from them to the plate. This plan considembly enhances 
the value of the subsequent ramming at the back of the drawback. 

Another aspect of binding in this fashion is found in the case of a large 
top part, which may be of light section or subject to great stress in the centre. 
The binding bars, of course, considerably stiffen the centre ; but, ajssuming 
that only two are used and their effect is desired over the whole surface, then, 
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Fio. 168.— Binding Tackle. 

before placing the binding bars, flat bars of a similar length to the top part are 
bedded on at right angles to the binders. The latter, laid across these bars and 
screwed down, convert the top part into an exceedingly rigid structure. This 
effect is only obtained when the bars are bedded directly on the top part and 
the binders in turn bear directly on ejich bar ; hence, it may l)e necessary to 
wedge between certain of the bars and binder after the latter has been screwed 
down. 

Loam moulds are bound down by very similar tackle, though, in a simple 
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case, the top and bottom plates may be directly tied together by means of 
cramps and wedges. A loam mould is always more conveniently closed on 
the floor than in the pit, and this plan is followed when circumstances allow 
of it. Limiting conditions are found in the weight of the mould and its 
relation to the lifting capacity of the crane, and also in the character of the 
bottom plate. If the latter is liable to spring, then the mould should be closed 
in the pit, but, assuming conditions favour closing on the floor, then the mould 
may be bound down ready for placing in a pit. Whilst a mould covered by a 
flat top plate is comparatively easy to bind, this does not apply to a mould 
consisting of several drawbacks and possibly an irregular top. So far as 
irregularity on the top is concerned, this may, by means of metal packing and 
cross-bars, be made to give a level surface on which to place binding bars 
for connection with the snugs of the bottom plate. Drawbacks may, in 
certain cases, be wedged directly from the hook bolts, or, in other cases of 
greater intricacy, top and bottom plates are made with projecting snugs 
through which bars are passed and wedged, thus offering a means of packing 
the drawback by means of horizontal bars, plates, wedges, etc. In other cases, 
especially the covering plates of flanges and the like, the drawback plate is 
necessarily set at such an inclination that wedging by these means is difficult. 
Here the sides of the pit are useful, and a series of props may be carried back 
to the wall of the pit and firmly wedged. This, of course, should be done as 
the pit ramming proceeds, and care should be taken that the rammers do not 
loosen the wedges. Practically, every loam mould built with drawbacks 
should be rammed in a pit, but simple rammed sand should not be regarded 
as sufficient security for maintaining the drawbacks in position ; hence, the 
note on wedging either from the binding bolts or from the solid and unyielding 
sides of the pit. Finally, in concluding this short chapter the chief intention 
of which is to be suggestive, we would emphasise the fact that, wherever 
possible, a screw should replace cumbersome and uncertain weights. Tackle 
of the type shown in fig. 168 is not costly, actually cheaper than weights, 
takes up practically no valuable floor space, and has the advantage of making 
the most intricate mould, so that it can neither be crushed nor strained. As 
noted, simplicity and security are represented in a mould so tied down. If, 
for any reason, the open girder shown in (/, fig. 168, should be objected to, a 
solid bar may be substituted, and screw bolts connected by a shackle of right 
and left hand threads, used as in e. 



CHAPTER XXII. 

SHEINEAGE, CONTRACTION, AND WAEFING. 

These three headings are conveniently taken together, as they have a very 
direct relationship to each other. Technically, "shrinkage" refers to the 
gradual lessening in volume of fluid metal as it approaches the solidification 
point at which shrinkage ceiases and " contraction " commences, contraction 
being understood to refer to the lessening in length or in volume of the solid 
metal. Warping is simply unequal contraction induced by different thicknesses 
of metal in the casting. Total contraction is found in the difference in size 
between the mould, or the pattern if only slightly rapped, and the casting ; 
this, under normal conditions, is fairly constant for a given grade of metal. 
Variables which influence the amount of contraction are the contour of the 
pattern, the temperature of the metal when poured, the presence of blowholes, 
etc. As a case in point, mild steel castings should show a contraction of yV"^"^^ 
per foot, yet we have occasionally seen them come out of the mould at full 
pattern size, probably owing to the presence of blowholes. In other cases, 
contraction is influenced by the mass of the casting ; thus, the allowance in the 
case of light cast-iron is ^inch per foot, whilst in the case of heavy cast-iron 
it is j^^inch per foot. Variations of similar degree are also found between 
light and heavy brass and light and heavy steel castings. 

Whilst it is comparatively easy to measure total contraction, it is by no 
means easy to measure liquid shrinkage ; but that shrinkage must be met if a 
sound casting is to result. Generally speaking, a mass of fluid metal in 
solidifying forms, first, a shell of solid metal; and then the liquid metal in 
shrinking draws to the solid, leaving a depression in that part which solidifies 
last. Contraction varies with the character of the metal ; thus, with white 
cast-iron and steel it takes place at a uniform and quick rate, but, with grey 
cast-iron, the rate meets with one or more actual retardations, during which 
the metal expands instead of shrinking. These expansions are more or less a 
function of composition ; but, after completion, the casting steadily contracts 
until atmospheric temperature is reached. Keep, and more recently, Turner 
have done valuable work in investigating these expansions, but the chief 
interest to the founder lies in the fact that expansion in the solid or semi-solid 
state implies less apparent fluid shrinkage. In Prof. Turner's experiments, 
Iron atid Steel Institute Journal, 1906, No. 1, copper, aluminium, lead, tin, 
zinc, and aluminium-zinc alloys contract evenly from the moment of solidifica- 
tion. White iron shows a pasty stage, and then contracts regularly till about 
665° C. is reached, when there is a slight retardation. Non-phosphoric grey 
iron shows two marked expansions, one immediately after the metal has become 

187 



188 GENERAL FOUNDRY PRACTICE 

sufficiently solid to move the pointer of the measuring instrument used, and at 
a temperature of about 1140' C, the second at 695° C. Phosphoric grey pig 
(1*25 per cent. P.) ha« three actual expansions, one from the moment of 
solidification, but reaching its maximum at 1060° C. ; the second about 900* 
C. ; and the third very marked and long contimied about 730* C. Combining 
Turner's and W. H. Hatfield's experiments, given in the same volume of the Iron 
and Steel Institute, it seems clear that these lowest changes are due to the forma- 
tion of amorphous free carbon produced by the decomposition of carbide of iron. 
Shrinkage, whether great or little, must be met by further supplies of 
fluid metal until solidification of the casting is complete. This is obtained 
either through the gate or the feeder, either of which is designed to^solidify at a 
later period than the casting. This practice of feeding is one of the most 
important aspects in the production of castings, and it is possibly the one to 
which the least systematic attention is given. Whilst the first aim should be 
a solid casting, it should not be forgotten that gates and feeders have to be 
removed from the casting, and that when removed their value is only that 
of returned scrap. Taking grey cast-iron first : in light work, liquid shrinkage 
is practically negligible, and the gates need only be cut of sufficient section to 
run the casting. Heavy cylindrical castings are best fed by carrying the 
mould two or three inches higher than the pattern, thus leaving a head of the 
same size as the casting, which is subsequently cut off when machining the 
casting. Solid cylindrical castings may also be fed by this plan ; but, if the 
diameter and length are large, the head will require continuing for a 
considerable length. This plan has the advantage of collecting suUage or dirt 
as well as supplying a reservoir of liquid metal to feed the shrinking casting 
below it. Obviously, in the case of circular castings, e.g, cannon balls, 
rectangular blocks, etc., it is impossible to continue the casting upwards for 
direct feeding, and the plan followed is to place a feeder on the highest or 
heaviest part. These feeders vary in diameter according to the size of the 
casting ; .and whilst, in certain cases, a " whistler " the size of a lead-pencil 
may act as a feeder, in other cases a reservoir some 8 or 10 inches in diameter 
may be required. All feeders should be recessed at the junction of the 
casting, and even a small recess is a very considerable aid to removing the 
feeder. Naturally, even a large feeder, say 10 inches in diameter, if placed 
on a massive casting, will solidify before the casting ; hence the purport of 
mechanical feeding, the sole object of which is to keep a channel open between 
feeder and casting for the admission of further supplies of liquid metal. This 
object is secured by means of the " feeding rod," simply an iron rod worked 
up and down the feeder, and passing well into the body of the casting at each 
stroke, in order to maintain an open connection. New supplies of metal are 
poured into the feeder as required, and thus pass directly into the casting. A 
heavy grey iron casting will be taking metal in this fashion for a long time 
after the actual pouring ; hence, the feeder should be kept well open for its 
admission. The feeding rod should be kept clean, any metal solidifying on it 
being knocked off; and, further, the rod should not move up and down in one 
spot only, or the feeder will soon choke, except for a small orifice the size of the 
rod. By travelling the rod in its up and down movement round the feeder, 
watching that no part of it chokes, a comparatively small feeder can be kept 
open for a very long time, and the legitimate demands of the shrinking 
casting fully met by periodical supplies of fluid metal. The object sought 
should always be that of last solidification in the feeder, and, provided this b 
attained, the smaller the feeder the better the practice. 
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As already noted, light grey iron castings do not require feeding in the 
ordinary sense; but, in this class of work, "draws" are often met with, which 
constitute another aspect of liquid shrinkage. For example, if the gate is 
lighter than the casting, by solidifying early it may, under certain conditions, 
draw metal from the casting during solidification. The result is that, on 
breaking off the gate, a pin hole is shown in the casting. Even comparatively 
small limips on the back of a thin flat casting tend to draw the metal away 
from the face. This, in the case of work that has to be ground and polished, 
is often suflBcient to condemn the casting, as the depression is not removed in 
grinding. This defect does not occur if screws are cast in the lump, which 
leads to the conclusion that the chilling influence of the screw head is suflBcient 
to cause the several portions of a casting of slightly varying section to solidify 
more nearly at the same time, and thereby to eliminate the draw. In any 
case, when screws are not cast in, a remedy lies in casting in either a sprig or 
a small piece of cast-iron, so as to hasten the cooling of the lump. Another 
interesting remedy lies in pricking the face of the mould immediately below 
the lump, the pricking being eflfected by means of a needle, and the holes made 
almost touching each other. 

Steel, imlike grey iron, has a narrow range of fluidity, a feature which 
almost excludes the feeding rod ; and, as liquid shrinkage has to be automatically 
met from the head, necessitates the adoption in heavy work of much larger 
feeders than would be employed on the. same casting if made in cast-iron. 
As the heads, like the moulds, are faced with compo, which is a bad conductor 
of heat, some benefit is obtained by heating the head mould to as high a 
temperature as possible before placing it on the mould and then casting 
immediately. Further protection is also obtained by covering the head with 
charcoal dust immediately after filling, which, being also a non-conductor, to 
some extent retains the heat. In any case, with heavy steel castings, large 
feeders are essential, and must be so placed as to provide a reservoir for the 
casting during its limited interval in reaching the solidification stage. In the 
case of small work, several castings may be fed from one feeder, the usual 
plan being to arrange the feeder in the centre of the box, cutting a nmner to 
supply it, and gating each casting from the feeder. In such cases it is always 
well to cut the runner into the feeder at a tangent, thus obtaining a circular 
movement of metal in the feeder, which tends to drive any dirt or other light 
material to the centre. We have used this method of feeding small castings, 
and obtained good results by it, but it is inadmissible in the case of larger 
work. Medium-sized work oflTers more diflficulty in successful feeding than 
either bulky, but compact, castings or small work. Plain rings, for example, 
when of three or four inches in width by similar thickness are almost 
impossible to feed from one or two heavy feeders. In such cases, we have 
found the only solution to be in distributing a series of small feeders around 
the ring, each one being effective on a comparatively small part, but assisting 
its neighbours on either side by meeting them half way. To sum up, as 
regards steel, the feeding heads have necessarily to be large, and, in many 
cases, their volume totals a third of that of the casting. Whilst in plain 
bulky work one central feeder will be eflbctive, in other ca-ses it may be more 
effective to split the one feeder into several imits, e^ach having a local effect. 
Finally, liquid shrinkage in the case of steel is high and quick acting, and 
must therefore be promptly met. 

The majority of alloys coming imder the common term brass have a 
comparatively long range of fluidity, and may, therefore, be fed by kindred 
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meaiM to thone followed with castriron, that is, feeding heads can be kept open 
by means of iron rodH, which should be coated with plumbago, and liquid 
metal added as required. However, it may be well to take the alloys in detail, 
and in the first place emphasis should be laid on the fact that almost any 
weight of brass (copper-zinc alloys) or gun-metal (copper, tin, and sine alloys) 
may lie successfully cast without the use of a feeding rod, as is illustrated in 
every marine brass foundry daily, and it can be tested by simple experiment. 
This feature is often a surprise to iron or steel moulders first taking up work 
in a heavy brass foundry. Whilst the feeding rod is perfectly admissible, 
practically the same or a better effect can be obtained without it. Generally 
speaking, the whole of the feeding in ordinary brass work is done through the 
gate, which should be so cut as to attain this end and not draw metal from the 
casting. It therefore follows that the runner pegs and gates usual in brass- 
founding are considerably heavier than would be used on a similar range of 
iron castings, and effective feeding may l)e obtained by the gates only, supple- 
mented in special cases by nsers, which may be either placed on the casting 
or at the side and connected by a channel. 

Special alloys offer somewhat different conditions, and experience shows 
that certain of them yield better results when fed by the rod, the chief 
examples of which are manganese bronze and phosphor bronze. Castings of 
the latter are sometimes made up to 20 tons in weight, whilst castings in 
manganese bronze often scale 4 or 5 tons. The method of feeding is practically 
that followed with grey iron castings, the heads being kept open by rods, and 
rn(;ta] added as required. Unlike the grey iron foundry, a constant supply of 
fo<Kling metal is not available from the cupola, as these castings are made from 
air furnace metal ; therefore, a series of crucibles are charged in separate holes, 
and so timed as to l)e ready at suitable intervals for feeding purposes. Of 
the special bronzes, manganese bronze is characteristic in its demand for good 
feeding, and even small castings imtouched by the rod should be plentifully 
supplied with risers or effective feeding heads. These bronzes have the 
advantage that chills induce no hardness in them ; therefore, when a feeder 
is inapplicable, a chill may l)0 used to obtain the same end, the object being 
to hasten the solidification of a heavy part, and bring it into line with a lighter 
part of the same casting. In other words, the chill is used for equalising 
shrinkage in the same way that a chill is used for equalising the rate of 
contraction. 

The last aspect of Khrinkagc is found in white iron as used for the produc- 
tion of malleable castings. As a rule, these castings are comparatively small ; 
hence, the high shrinkage is efficiently met by gates supplemented by risers, 
and, in special cases, chills. 

Shrinkage and contraction, although closely akin, have been differentiated 
here since shrinkage must l>e mot entirely by feeding, an operation which is 
without effect on contraction. After assuming the solid state, most metals or 
alloys contract regularly with a falling tem})erature. There are one or two 
exceptions, but they must be reganled as exceptions. These have, however, 
led to our receiving inquiries from moulders, who have been troubled by 
castings cracking during contraction, for a remedy based on the lines of a 
noncontractible alloy. It cannot l)e too strongly stated that contraction is a 
natural function, and, within the limits of the particular metal used, the 
more of it that takes place the l>etter, for every casting should show its full 
contraction, or there are certain to be either blowholes in the metal, or stresses 
present which may or may not be removed by heat treatment, such as slow 
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cooling. The following table shows the usual contraction allowances; but 
experience indicates that the actual amount of contraction is influenced by 
several conditions, the chief of them being the contour of the casting and the 
freedom it offers to movement : — 



Metal. 



Yellow brass, . 
Gun-metal, 
Copper, . 
Zinc, 

Aluminium, 
Grey cast-iron. 
White cast-iron. 
Steel, . 



Contraction. 



J to iV iiich per foot;* 

I toA M M 

A »» M 

4 toA „ 
Ato I „ „ 

tV to i »» >> 



Usual Allowance. 



i inch per 10 inches. 



Iff 
i 
i 
A 
h 
4 



foot. 



Note, — White iron castings are annealed before use, and during this process 
an expansion of ^inch per foot takes place; hence, the same contraction 
allowance as for grey iron is usual. 

We confess to some hesitation in giving the foregoing table, for our 
researches on contraction have shown the existence of several factors which 
influence the amount, and practical experience conclusively shows that castings 
of intricate form seldom absolutely conform to any given rule. However, the 
point is that contraction not only does, but also must, occur if a soimd casting 
is to be made. Taking the case of a steel liner, 20 feet long, with flanges at 
each end, then, with a contraction of -j\-^^^^ P®^ ^^^^ ^^ length, the total 
contraction is 3f inches. Each flange must, therefore, travel towards the 
centre of the liner a distance of If inch. If the character of the mould will 
not permit of this movement, then an inherent weakness or actual fracture 
will develop in the casting. Actually, a fracture is the safer in that the casting 
is at once condemned ; whereas, in the case of undetected stresses, the casting 
may enter working life with a distinct risk of failing under a comparatively 
low load or light shock. 

In describing a vertically built loam core it was compared, from the point 
of strength, to an arch. Assuming such a core built entirely of hard brick, 
and faced with only a thin coating of loam, then the arch would be too strong 
for the contracting casting, and fracture or a hidden flaw would inevitably 
follow. 

Therefore, as contraction must occur, the natural remedy lies in con- 
structing the mould to yield as the solid casting draws together. Green sand 
moulds offer little difficulty in this respect, and the usual run of dry sand 
moulds for iron or brass are sufficiently yielding to be compressed by the 
casting. However, in the case of intricate forms, provision should be made 
either by placing ash beds in parts likely to resist contraction or by digging 
out the mould in those parts, immediately on solidification. The latter method, 
termed " relieving " or " releasing," must be followed with all intricate steel 
castings, since compo-faced moulds are very unyielding things. Relieving 
must be quickly accomplished if it is to be effective, yet not too quickly, or the 
metal may not be strong enough to keep its shape. All that is necessary is to 
loosen any part of the mould likely to bind, thus giving the casting a free 
path in its contraction. Cores, owing to their inaccessibility, offer greater 
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difficulty, but in most cases a yielding body is provided when the interior of 
the cores have ash beds. A point of note lies in the fact that it is useless 
providing a body of sand which will yield if the core irons themselves bind ; 
and many a casting has been cracked by the irons being practically on the 
metal, thus allowing no movement whatever. Collapsible core barrels in the 
case of pipe castings are familiar, and in their absence straw ropes are the 
great saving medium. In the case of cores almost completely surrounded by 
metal, such as centrifugal pumps when cast on the side, a perfectly solid core 
may be made by keeping the core gratings sufficiently far from the face to 
allow of the contracting casting forcing the sand into ash vents in the centre. 
Loam moulds and cores are, by their very nature, the most difficult to relieve ; 
and here, as regards building, loam brick and ashes are the great remedies. 
When sufficient freedom cannot be obtained by these means, all binding parts 
must be dug out, a laborious occupation, as it has to be quickly performed. 
In many cases relieving bars can be built in cope or core. These bars, being 
provided with a ring or staple in the top, may be pulled out by the crane, and, 
apart from the space left, will start the building sufficiently to allow of the 
casting contracting. 

Contraction can, therefore, be met, by providing yielding cores, or yielding 
moulds, or by loosening all parts which retard movement in the casting. 
There can be no excuse for a distorted or cracked casting when the fault is 
due to the mould ; but in many cases distortion is solely due to the distribution 
of metal in the casting, and, obviously, attention to the mould can only 
partially remedy a defect due to design. 

Warped or cracked castings, when due to unequal distribution of metal, 
are not only extremely vexing, but also are hard to remedy. The cause of 
such fault is found in the differing rates of contraction induced in one casting 
by the different thicknesses of metal. Having stated the cause, the obvious 
remedy lies in setting the pattern out of truth to the extent of the pull, so 
that in cooling, the casting will straighten itself. Thus, long castings poured 
on the flat tend to lift at the ends, and if the amount of lift is known, the 
ends of the pattern can be set down, thus curving the face of the pattern, and 
giving a chance of obtaining a straight casting. Lathe beds, according to 
design, either lift at the ends, or the centre, usually the latter. With beds 
that warp in this fashion, the common plan is to camber the pattern by 
setting the ends higher than the centre, an allowance of ^ inch per 6 feet of 
length being usual. Should the casting warp in the other direction, then the 
pattern is set the reverse way. Register fronts often show a tendency to draw 
in at the l>ottom, and these represent another type of pattern, which may be 
set out of truth to the extent of the " pull." However, no definite rule can 
l)e given for setting patterns ; existing knowledge is at the best empirical, and 
one can only proceed by actual trial under the particular conditions in which 
the casting has to be made. This statement is made after attempting to 
deduce a law from our own and other records. Failure lies in the fact that 
so many variables enter into the question of retarded contraction, and no 
general statement of a positive character could be made. 

Assuming that the pattern has not been set, or, as often happens, that it 
has been set in the wrong direction, then the only thing remaining is to 
straighten or set the casting. With brass or bronze castings, this is effected 
in the cold ; but, with cast-iron or steel, straightening should be effected only 
on a hot casting. In a simple case the casting is heated to a red heat, laid on 
a straightening plate, brought into shape by weights and allowed to cool down 
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with the weights in position. The weights should not be disturbed until 
contraction is again complete. Another aspect of the same plan is to take a 
casting red-hot from the mould, and weight it down, a plan more expedient 
than advisable, although it is certainly successful from the one point of 
preventing warping. Some castings cannot be reheated to a red heat and then 
conveniently handled. For example, long lathe beds, when high in the centre, 
are brought down by a simple but effective plan. The bed is levelled on two 
stools, one at each end, a fire is built under the centre, and, as the casting gets 
hot, it commences to sink by reason of its own weight and the influence of 
heat. Evidently, then, if the sinking is arrested by drawing away the fire, any 
desired amount of setting may be obtained ; but the point is that, on again 
cooling, contraction, and therefore warping, again commences, with the result 
that the bed, if only brought down to the extent required, will, after cooling, be 
again out of truth. If the bed is, say, f-inch up in the centre, then it should 
be brought down by the fire a total distance of f inch, which allowance will 
cover returning contraction on cooling. It need hardly be stated that 
straightening by this plan requires very careful treatment, or more harm than 
good will be done. 

Finally, some reference is required to contraction cracks. If the casting 
in cooling down cannot contract or relieve itself by warping, then a fracture 
will follow, or, if not, dangerous internal stresses are developed. When this 
is the fault of the moidd, the remedy is aj^rent, but, when due to the design 
of the casting, the remedy is not so apparent. Of all metals, steel and 
aluminium are perhaps the worst in this respect ; but, whatever the metal, the 
best solution is found in equalising the rate of cooling throughout the casting. 
The effect of chills in this direction has been noted, and practically the same 
end is obtained if the thin parts of the casting can be thickened. This, of 
course, is not always permissible ; but the thin parts may be indirectly thick- 
ened, and thereby strengthened, by means of fins about ^inch thick, 2 or 3 
inches deep, and running the full length of the thin part. These fins are readily 
chipped off the casting, <and we have found them of distinct value in saving 
castings. All junctions between light and heavy parts should be tapered by 
the moulder, a remark also applicable to sharp comers, junctions between flanges 
and bodies, etc., all of which should be well filleted. Flat plates, cast with large 
square or rectangular cores, can often be saved by taking the comers off the 
cores. In other cases, wrought-iron cramps are cast in. Another example 
designed to reach the same end is foimd in the curved arms of a pulley, the 
curvature admitting of a certain amount of straightening without bringing a 
direct pull on to the rim of the pulley. An opposite method to thickening up 
a thin part is foimd in lightening a heavy one, and, where permissible, as in 
the bosses of wheels, this will give considerable relief. 
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CHAPTER XXIII. 

DEESSING OASTINGS. 

Having made the casting, its further treatment, in the event of rib annealing 
being required, lies in dressing it to shape by removing adhering sand, fins, 
runners, feeders, etc. Naturally, the less dressing required the better for 
the casting ; and the trite remark that " Castings should be made on the 
moidding floor, and not in the dressing shop," is worth consideration by every 
moulder. 

Naturally, the tools required and conveniences for work vary with the 
class of castings produced. Assuming these to be of a light and small type, 
then the chief tools required will be convenient benches and vices, a good 
supply of files and small coring tools, emery wheels and tumbling barrels. 
The emery wheel is familiar, and is chiefly used for grinding off accessible fins, 
removing projecting gates, etc. The tumbling barrel or rattler is simply a 
revolving drum packed with castings which rub against each other, thereby 
removing adhering sand. The rubbing effect may be intensified by packing 
the castings with sharp pieces of iron ; convenient white iron stars are sold 
for this purpose. Tumbling barrels vary in design, but all have the common 
object of cleaning by rubbing. With brittle castings it is fairly obvious that 
a barrel must not be packed so that on each revolution the castings receive 
a heavy bump, otherwise breakages will occur. Similarly, in the case of brass 
castings a loosely packed barrel will result in bent or distorted castings. 
Tumbling is applicable to all small iron, steel, or brass castings, save those 
having sharp comers, which are apt to become slightly roimded, or those 
having ornamented surfaces, the detail of which is likely to become dulled. 
Practically, these limitations only apply to soft metal castings, such as brass, 
and a method for tumbling these is given later. 

Small iron or steel castings, if properly moulded, shpuld, after tumbling, 
only require the cores cleaning out and the gates grinding off; Although 
a side issue, it is worth noting here that iron castings are, after tumbling, 
stronger than before. Small brass castings, such as plumbers' work, fire, 
steam and water fittings, may easily be given a good appearance, which lends 
much to the beauty of the casting. It is better to " blow " cored work of this 
character, that is, to break the castings off* the runner whilst hot, and dip them 
in cold water. This, if caught at the right heat, has the effect of blowing out 
the core and leaving the casting without a particle of sand adhering to it. 
Brass castings so treated do not require to be tumbled, but, after the gates are 
ground off*, to improve their appearance further, they may be put through one 
of the following processes : — 
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(1) A water-tight rattler, constructed of hard wood, is used. The castings 
are packed in this with coarse and sharp sand and a pailful of water added. 
After closing up, the rattler is revolved at a slow speed for twenty minutes or 
thereabouts. The castings are taken out, washed off in cold running water, 
dipped into hot water, and left to dry. This treatment gives valve bodies and 
similar castings, which are not afterwards machined, a dead bnght and smooth 
surface with comparatively little trouble. 

(2) The second method is that of dippmg in acids. In the case of yellow 
metal castings this is comparatively simple, and commercial aqua fortis 
(nitric acid) can be employed with advantage. After treatment, all traces of 
acid must be removed by washing in a stream of water. With triple alloys, 
as, for instance, copper, tin, and zinc, acid treatment becomes more complex ; 
in these cases the authors have found it advisable to use two separate acids, viz., 
nitric and hydrochloric. The castings are first dipped into nitric acid, then 
into hydrochloric acid, well washed in water and dried off in sawdust. 
(Generally speaking, sand scrubbing is preferable, as it produces a good finish 
at little cost. Aqua fortis is largely used for ornamental yellow metal castings, 
and extensive treatment in this direction is practically a business beyond the 
scope of the founder. It should, however, be noted that alloys for treatment 
by aqua fortis should be free from lead, otherwise discoloured stains will result 
after acid treatment. Hence the term " dipping metal," signifying dual alloys 
of copper and zinc free from lead. 

Personally, we have found the second form of acid treatment of use for 
cleaning brass castings where sand blast was not available. It is of special 
advantage in the case of brass bearings which have to be subsequently lined 
with white metal. The reason for the second acid, hydrochloric, is due to the 
fact that, after dipping into the first, nitric, a white oxide of tin remains on 
the surface. This is readily removed by the dip into the hydrochloric acid. 

Naturally, all brass castings will not permit of blowing or breaking off gates 
whilst hot. In such cases a band saw is a decided advantage, as this saw will 
cut through a large number of gates per day. Sawing is preferable to a gate 
cutter, and is a distinct gain on the hand hammer and chisel. Apart from a 
band saw, the dressing shop should be equipped with pneumatic chipping 
hammers for the larger castings. These hammers will quickly remove a fin or 
core, and are exceedingly valuable tools. 

So far as iron castings are concerned, saws are not required, but the 
equipment should include pneumatic chippers, tumbling barrels, and emery 
wheels, in addition to the usual rim of hand tools. Dressing is simplified by 
the fact that runners and feeders can be removed in the majority of cases by 
hand or striking hammers. The acid treatment of iron castings has for ite 
object the removal of the adhering sand, in order to facilitate machining, and 
is only applied to those castings which cannot be tumbled. Dilute sulphuric 
acid is a favourite pickling medium, and the castings are either soaked in it 
for a short time, or the casting is laid on a wooden tray, and the acid ladled 
over it at intervals, being finally soused with water from a hose. 

Hydrofluoric acid is also used as a pickling medium, and in this case the 
sand only is dissolved off. The effect of sulphuric acid is to eat into the skin 
of the casting, thereby loosening adhering sand ; as a rule, machinists prefer a 
casting pickled in this acid to one treated with hydrofluoric acid. 

The equipment for dressing steel cajstings is practically the same as for 
iron, with the addition of saws, l^ovided the castings are hard, runners and 
feeders can be removed by nicking with a pneumatic chipper and then breaking 
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off. To a certain extent this treatment is applicable to mild steel castings, 
but, if there is danger of distortion, runners and feeders should be sawn off. 
The band saw, so successful with brass castings, is not quite so successful with 
steels. If, however, the castings can be suitably packed, and regularly fed up 
to the saw, fairly good results follow. Circular saws are also used, and, in 
certain cases, with decided advantages. Large feeders are left on the castings, 
and subsequently slotted off in the machine shop. Owing to the number and 
comparatively large size of feeders required on steel castings, their removal is 
a distinct drawback towards economical dressing. A proposal recently 
brought forward for removing large heads' is that of using the oxyhydrogen 
flame for heating a spot of the steel to the burning point and then cutting a 
slot through by means of compressed oxygen. In this case the blowpipe is 
directed at a spot on the feeder imtil a melting heat is obtained, the hydrogen 
is then cut off, and the pressure of the oxygen gradually increased until about 
30 atmospheres is reached. Oxygen at this pressure causes the combustion of 
the steel, and a narrow slot is rapidly burnt through the head. The oxygen 
cuts the steel with astonishing rapidity, but the economical applicability of 
the process has yet to be proved; hence, the idea is merely offered as a 
suggestion. 

Acid treatment is not advisable in the case of steel castings. A good 
method of removing burnt sand, scale after annealing, and generally improving 
the surface is by means of the sand blast. This method is applicable to all 
castings, and, where available, is decidedly preferable to any form of acid 
treatment. In its simplest form the compressed sand blast is directed by 
means of a flexible pipe on to the castings, the operator being protected by 
a helmet which serves the purpose of protecting the face and providing pure 
air for respiration. This involves a separate sand blast room in which to 
treat the castings. The abrasive used is sharp sand, or chilled iron shot, in 
certain cases a mixture of the two being employed; and the propelling 
medium is compressed air. Various types of apparatus are in use, but 
the latest development is Matthewson's patent sand blast tumbling barrel, 
which includes an automatic sand elevator, sand and dust separator, and 
air sieve. 

The principle is that of a slowly rotating cylinder, supported at its circum- 
ference on rollers. Sand blast is directed through one or both ends of the 
cylinder, and impinges against the castings placed inside. By the rotation of 
the cylinder fresh surfaces are constantly exposed to the action of the sand blast. 
Sand and dust escape through perforations in the cylinder into the barrel 
box, and are returned by means of an air current through a pipe to the sand 
apparatus. The upper portion of the latter is a separator which allows the 
heavy sand to fall into an air sieve ready for use again, whilst the dust is 
carried away. A further improvement is found in Matthewson's continuous 
sand blast tumbling barrel, in which, whilst utilising the foregoing principle, 
continuity of operation is given. Reference to fig. 169 will explain the details. 
Castings are fed into the hopper A, and travel slowly through the barrel, being 
exposed in the journey to the action of four or more sand blast jets, which are 
equally divided along the length of the barrel. From thence the castings fall 
on to a slanting grate, which is partially enclosed in the exhaust chamber B, 
and slide into the lower hopper C. Sand, dust and scale are automatically 
separated from the castings in the chamber B, and returned through the pipe 
DD into the sand blast apparatus. The elevation of the sand and dust is 
effected by a current of air from an exhaust fan, and in the sand blast apparatus, 
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dust is separated as before. Both forms of apparatus are made by the 
Tilghman's Patent Sand Blast Co. 
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In giving this outline many details are necessarily omitted, but sufficient 
has been stated to show the applicability of sand blast cleaning. From personal 
experience, we believe it to be the best method of eflfectively cleaning iron, 
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steel, or gun-metal castings. Should the surfaces have to be tinned, coated 
with white metal, or painted, they are in excellent condition as regards cleanli- 
ness for any one of these purposes. 

Finally, the dressed castings are ready for dispatch, and, whilst in the case 
of large pieces, no difficulty of identification is offered, such is not the case with 
small work. One good method of sorting out small details from a miscellane- 
ous heap of castings is as follows : — Each order received by the foimdry is 
given an order number, and the moulders are supplied with sets of small loose 
figures from to 9. The order number may be printed into the mould, and 
when the casting is ready for delivery, it may be easily traced by its number 




Fio. 170.— Casting Breaker. 

This plan will admit of any amount of amplification, such as separate numbers 
from 1 upwards for each separate casting in one order. This plan, or a modi- 
fication of it, will save countless worry when assembling orders for delivery. 

A further aspect of the dressing shop is found in the return of scrap to the 
furnaces. As a rule, cast-iron and steels produced in one foundry do not 
vary greatly in quality, and the scrap may l)e safely returned in lots as it 
accumulates. On the other hand, brasses vary enormously in grade, and each 
grade of scrap should be kept to itself. This is facilitated by having a system 
of marks for each distinct grade ; and the moulder, before closing his mould, 
makes a print on the runner which readily identifies the runners after removal 
from the cajstings. 
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Before returning wasters from the dressing shop to the furnaces, core 
irons, especially in the case of brass castings, should be removed. Concerning 
the treatment of wasters to bring them into shape for remelting, if beyond 
the hope of a striking hammer, a falling weight is effective with all iron and 
most steel castings. A tripod arrangement, as in fig. 170, placed in a con- 
venient comer of the foundry yard, will prove useful. An arrangement for 
releasing the weight is shown, and the height of drop and weight of ball will 
be determined by the character of the casting to be broken. In the case of 
heavy steel pieces it may be necessary to drill them, in order to assist fracture ; 
and sometimes these and large waster rolls must be blown up by the help of 
gelatine dynamite or other high explosive placed in drill holes. 

Heavy brass castings are most effectively broken up by building a fire 
round them, and, when at a red heat, applying a sledge. 

Naturally, no casting should require breaking up ; but, even in the best 
regulated foundries, accidents sometimes occur, and, though we have often 
heard of foundries which produce no wasters, we have not had the pleasure of 
working in such an ideal establishment. 



CHAPTER XXIV. 

COMMON FAULTS DTTE TO MOULD AND PATTEBN. 

It has been stated in an earlier chapter that each new casting constitutes a 
fresh problem, and every moulder will recognise the truth of this statement. 
In many occupations the effect of each stage of the work is shown at once ; 
therefore, any false step may be remedied before further work is put on the 
article. These conditions do not hold in founding, and the only test of the 
suitability of a mould is to fill it with metal and study the results. Should 
the result be wrong, all the work put on the mould has to be repeated, and the 
metal of the casting can only be regarded as of scrap value. This necessarily 
demands that every stage followed in the production of a casting should 
receive careful attention, and more especially the minor stages, for, as a rule, 
when a casting is a waster it is due to the neglect of some small detail. 
Naturally, the fewer wasters produced the better ; but he would be an 
irrational writer who dared say that no wasters need be produced. At any rate, 
practical experience induces a feeling of humility, but it is certain that every 
bad casting is an inexcusable waster if its lesson is not wi*ested from it by a 
determined effort made to lay bare the cause of the failure. Every waster 
should be regarded as a subject for investigation, and, having once found the 
cause, the same mistake should be avoided in the future. If this is faithfully 
followed out, the experience gained becomes priceless ; but, imfortunately, this 
is not always the case, and wasters from the same cause occur, at times, with 
painful monotony. 

A waster may be due either to the condition of the mould or of the metal. 
For the present, we propose to examine briefly some of the more common 
faults due to the mould or to the pattern, leaving the condition of the metal 
for a later chapter. This examination can only be general, for each waiter 
should be studied under the particular conditions of its production. 

In the first place, wasters are often caused by run-outs, misruns, or short 
pours. Run-outs, in the case of box castings, may be due to bad joints, 
insufficient or unequal weighting, or to bad making up of the core vent. No 
excuse can be offered for any waster due to a run-out, and the fault is simply 
carelessness. When a run-out does occur, no earthly good is obtained by 
throwing sand at it. A ball of sand should be taken in the hand, seamed into 
the joint, and firmly held there until the run-out stops. If this is calmly done, 
the hand will be well protected by the sand, and at the same time the pressure 
behind the sand will stop the run-out. If the stream is too large for attention 
in this way, the cupola bod stick will probably prove of use, and we have heard 
a hose advocated as useful in chilling the metal and so stopping the run-out. 

200 
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A still better plan is not to have a run-out at all, and this condition should be 
easily reached by an apprentice of only a few months' standing. Run-outs or 
bursts, in the case of loam moulds, may be also classed as preventible, and, 
with proper attention to the stability of the building, the fitting of cores and 
joints, effective binding and solid ramming, they need never occur. In the 
case of heavy bedded-in work, the floor, if at all risky, should be plated, and, 
whilst attending to downward pressure, side pressure on the mould should not 
be forgotten. Hence, under certain conditions, it may be necessary to bed in 
side plates as well as bottom plates. 

As with run-outs so with short pours, there is little or no excuse for 
pouring a casting short. It is not a difficult task to estimate the weight of a 
casting to within a few per cent., and, under normal conditions, wasters due to 
scarcity of metal can be most easily avoided. 

Misnin castings come under a slightly different heading, and, although 
they should not occur in heavy work, still in light work of large surface it 
may be difficult to obtain a fully run casting. Large castings of, say, ^-inch 
in thickness, demand a free running metal, which must be sharply poured into 
the mould. Fluidity is a function of composition and temperature ; the latter 
being of the greatest moment, it follows that dull metal should never enter a 
mould of thin section. Hot metal and quick pouring are the chief remedies, 
and these are aided by setting the mould at an inclination or " casting on the 
bank." This is only applicable when one gate is used. Thin cast-iron 
articles may be poured from many points, and the various streams on meeting 
will unite. Thus, fenders are often poured from three hand ladles, whilst a 
large mantel mould may require as many as eight hand ladles. The object 
aimed at is to force hot metal into the mould from as many different points as 
possible, and so quickly cover the surface. The down gates of such moulds 
are connected with long sprues, thereby increasing the area of effective 
entrance. However, the total area of the sprues should not exceed the area 
of the down gate, or their effect will be lost. 

Whilst separate streams of brass meeting in a mould will unite, the union 
is not so readily effected as with cast-iron. Further, in a cast-iron foundry it 
is easy to place as many hand ladles as desired on any one mould ; whilst in a 
brass foundry it is not always convenient to place a series of crucibles at the 
disposal of one mould. Therefore, one crucible is made to cover as large an 
area as possible, and this often involves long channels and sprues. The down 
gates should, therefore, be proportionate to the area of the sprues, and a good 
plan is to place two or more down gates about eight inches apart, making a 
head on the top part to connect them. With large but thin tread plates, we 
have found this plan very effective. The head should be made to hold slightly 
more brass than is required to fill the mould, and the contents of the crucible 
plumped without hesitation into the head. The same method is also useful 
for lai^e oil boxes, which, in point of thickness, scarcely exceed that of thin 
sheet ; at any rate, we have had them 24 inches long, 6 inches broad by 6 
inches in depth, and scarcely ^inch thick. This, added to an intricate shape, 
renders the production of a fully run casting no easy task. A series of flat 
gates on the top of an oil box, a head on the top part large enough to hold all 
the metal required, and instantly filled, are the best aids to a sharp casting. 
A little judgment will enable anyone to empty the right amount of metal into 
the head, so that the casting and gates will about drain it; but, should a 
surplus remain in the head, it should be loosened whilst pasty and before the 
metal becomes too strong or ductile. 



202 GBNERAL FOUNDRY PRACTICE 

With all classes of thin work sharp pouring is as essential as fluid metal, 
and a dribbling or hesitating pour is fatal to sharp castings. Whilst a thin 
casting may not be actually misrun, it may show the junction of two streams 
of metal which, though possibly dovetailed one into the other, will still make 
the casting a waster. Such defects are termed cold shuts, and clearly indicate 
that the metal has not entered the mould at a suitable heat and with sufficient 
rapidity. It is often the fashion to blame the metal for cold shuts, but the 
most practical remedy lies in attention to the method of casting, and a solution 
will be found in quickly covering the surface of the mould with hot metal. 
Cold shots represent solidified drops of hot metal, which have been trapped in 
the mould and not fused by the surrounding molten metal. If, when first 
starting pouring, the stream of metal is broken, solid shots are formed and 
injected into the mould. These shots are subsequently trapped by the molten 
metal, but are not always melted again ; hence, on grinding the surface, a ring 
round the embedded shot may be shown. 

Other types of defects are found in cores out of truth and twisted castings. 
It is evident that the core should be properly centred in its prints, and so 
fixed that it cannot move from position. Twisted or shifted castings represent 
an aggravating type of defect sufficiently self-evident to warrant a little atten- 
tion to the moulding-box pins. 

Briefly, the foregoing defects represent the more usual types, and, with 
the exception of misrun castings, are easily preventible. The exception re- 
ferred to requires some little thought and planning, but in most cases can be 
overcome without recourse to thickening, a practice not palatable to the 
customer. Passing from these defects to a general examination of the pro- 
duction of sound castings, we note, first, a few features applicable to the 
mould, irrespective of the type of metal entering it. In the first place, dirty 
castings, if not actual wasters, are, at any rate, displeasing to the eye. On 
machined faces dirt is, of course, inadmissible ; hence the plan of casting these 
parts face down ; but the object should be to make the whole of the casting 
as clean as possible. Naturally, this object is attained by pouring clean 
metal into a clean mould. Not only should the mould be free from loose 
sand, but the facing put on should also be such that it will not shell off or 
gather in the form of dross in front of the stream of metal. Much attention 
is often given to the mould, and comparatively little to runners and risers. 
Every particle of sand traversed by the metal is necessarily part of the mould, 
and should, therefore, be treated as such. Runners must be clean, and, when 
making up runner, riser, or feeder heads, care should be taken to prevent 
any loose sand falling into the mould. After a mould has been closed there 
is not much inclination to open it again to remove any loose dirt; hence, 
double care should be taken to prevent the entrance of any. A good plan, 
where practicable, lies in having cut-off risers, and in making heads over these 
any dirt falling in does not enter the casting. Clean skimming is necessary, 
and, whilst easily effected in the case of a hand ladle or shank, is hardly so 
easy in the case of a 10-ton ladle. With small ladles a length of flat iron 
about 1^ inch broad, and turned over at one end to fit the lip, is effective. 
Large ladles require special skimmers, which are usually formed by rivetting 
a flat plate on the end of a length of iron rod. Such a ladle should, before 
casting, be turned back and skimmed over the lip not used for pouring. A 
layer of parting sand thrown over the surface will, under certain conditions, 
tend to convert the cinder or slag into a more or less sticky covering, which 
is not so liable to be carried over by the metal. Just before casting, the lip of 
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the ladle should be cleaned ; an old dry brush will effect this better than a 
few blows from the skimmer's cap. Cylindrical castings are poured on end in 
order that the bore shall be clean ; and, in many cases, the mould is carried 
higher than required, in order to provide a receptacle for any dirt floated up 
by the metal. Points of note lie in the fact that the metal 
rising in the mould must not be sluggish, or the dirt will 
not be carried up. With moulds poured by plump gates 
from the top, each gate tends to break up and liven the 
rising metal ; hence, there is every chance of the dirt being 
brought up into the sullage head. Very long castings 
cannot, however, be poured from the top, owing to the long 
drop of the first metal and the risk of washing. A com- 
bination of top and bottom pouring is permissible in many 
cases; or the mould may be gated, as shown in fig. 171. 
Here the first metal enters through the lowest gate, and 
as the level rises in the mould the upper gates successively 
come into play, each contributing their quota of hot metal . 

which livens that already in the mould. f ■ /■ ■ rvl ^\ 

Solid circular castings may be gated at a tangent, thus 
imparting a rotary motion to the metal, which tends to 
throw the heavy metal to the periphery, and to concentrate 
the sullage in the centre. The same principle may be 
utilised with various types of smaller castings by gating 
them from a feeder of the type shown in fig. 172. An 
ordinary gate p^ is set in the top part, and a connecting 
nmner, of the form shown, cut in the top part. The 
mould is gated in the bottom part from the feeder, and 
the gate should be small enough to admit of the feeder 
being kept full during pouring. Another type of skimming 
gate for flat articles is found in cutting small sprues in iM^:^^^^Sj^M 
the bottom part and the connecting channel in the top "^i^^^i^^ 
part, the idea being to retain light dirt in this channel and ^^q 171, _ Bottom 
allow only heavy metal to enter the sprues. In fact, all Pouring, with Side 
types of skimming gates are based on the principle of Gates, 
providing a receptacle through which the metal must pass 
before entering the mould, which will also tend to retain all light matter, 
while admitting of the egress of heavy matter. 

Whilst filling the mould with metal, dirt may be formed by the washing 
away of any part of the mould face, and, in this respect, thin projecting 
pockets require special attention. Deep green sand 
moulds are gated from as low a point as possible, in 
order to have a gentle wash of metal ; but should a deep 
green mould of necessity have to be cast from the top, 
then a dry core or loam cake may be bedded in the 
mould to catch the first heavy fall of metal. Sprigging 
is also useful for this purpose, and, quite apart from its 
utility in the case of projecting pieces of sand or green cores, may be applied 
to flat surfaces on which a heavy washing action may occur. The debatable 
point of open or closed risers has a very direct connection with the disin- 
tegrating action of metal on a mould. Generally speaking, with closed risers 
the air in the mould is imder compression, so that it can only escape through 
the pores of the mould. This compression tends to hold np the sides and top 



Fig. 172.— Skimming 
Gate. 
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of the mould, thereby, to some extent, preventing the detachment of sand. 
In a heavy type of mould this is an advantage, and therefore all risers should 
be closed by clay balls, which keep their position until floated away by the 
rising metal. In a mould diflScult to run, the risers should be open, as a rapid 
escape of air favours a sharply run casting. When risers are left open they 
should be of large area, for the smaller the area the greater the compression 
of the esciEtping air, and, naturally, the greater the tear on the mould. The 
origin of the term " whistler " is due to the whistling noise made by the rush 
of compressed air. Owing to the causes noted, it becomes necessary, with 
some large green sand moulds, to cover them with a dry sand top part, for 
a green top part " draws in," that is, sand is detached, partly by the heat and 
partly by the rush of air, before the level of metal reaches the top. Sand 
detached in this manner, or by washing, is, of course, broken up and distri- 
buted as so much dirt in the higher parts of the casting. Further, sand so 
loosened must be sharply distinguished from what is technically known as a 
scab or buckle. 

A scab on a green sand mould represents conditions which have retarded 
the escape of air and mould gases ; in other words, faulty venting, too hard 
ramming, or too much moisture in the sand. Ramming and venting are the 
usual causes, and, in considering the covering of the face of a mould, it is at 
once apparent that the air displaced, as well as the gases of the moulding 
sand, must escape downwards through the sand. This escape must be free 
and uniform at all points of the sand below the metal. Assuming that this 
is so, then the gases readily pass through the sand and the metal lies quietly 
on the sand face ; but if even one part of the face is impervious to the passage 
of gases, then, as downward movement is forbidden, the gases must 
necessarily bubble upwards through the metal. Local bubbling of this 
character works on the sand and detaches a piece corresponding in size to 
the hard or unvented area. The face of the casting is then disfigured to the 
extent of the sand detached, and the loosened sand is distributed as dirt 
through the casting. The remedy in such cases is self-evident. As the 
metal has to lie on the bottom of a mould, this should always receive the 
most care in venting and ramming ; straight sides are usually comparatively 
safe, but, if the sides contain any narrow projections, these should be specially 
vented, or scabbing will occur. It has been noted that projecting parts are 
liable to wash ; hence a tendency to make them harder than is desirable for 
efficient venting. Ovei>anxiety in either direction will produce a bad result ; 
therefore, the happy mean must be chosen, and any part of the mould liable 
to scab should be made sufficiently compact to resist wash or pressure of fluid 
metal and yet kept sufficiently porous to admit of free and uniform escape of 
gases. Scabs in dry sand or loam moulds can, in the majority of cases, be 
traced to insufficient drying ; in other words, to the presence of steam which 
cannot escape. A difierence between these and green sand scabs is often 
found in the fact Uiat the loam or sand face is just turned over and the 
detached piece is not broken up. Such a defect constitutes a buckle, and, in 
the cold casting, the dirt will all be found together. The remedy is efficient 
drying, but this should not be interpreted as a burnt mould ; all that is 
necessary is the expulsion of the whole of the steam present. Dry sand or 
loam moulds should always be bone dry, although, by the very exigencies of 
work, such moulds are often cast with steam freely escaping. The practice is 
risky, and can only be successful when the steam or vapour present has an 
uninterrupted escape through the mould and not through the metal. A 
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steaming mould should never be allowed to go cold before casting, or the 
vapour will condense, and the mould will then be in a far worse state than a 
green sand one, and the best plan of all is to give the mould another night's 
stoving. 

Porosity in the mould or cores is the chief solution of many of the defects 
met with, and this aspect has been fully noted in other sections of this work. 
A porous mould will readily take care of the air displaced by the metal and of 
the gases generated by casting, but it will not remove any gases contained in 
the metal before casting. Hence, blowholes are divided into two classes : (1) 
those due to the mould ; and (2) those due to the metal. In this chapter we 
consider only those due to the mould. Practically, any source of disturbance 
which leads to bubbling will result in the trapping of gas bubbles. The source 
of a blowhole is, therefore, the same as that of a scab, but in the latter case the 
disturbance is sufficiently violent to tear away the sand and thus. offer a route 
for the escape of gas. Blowholes, when present in grey cast-iron or brass, are, 
in the majority of cases, due to the mould, not to the metal ; and with green 
sand moulds especially, a hard or too damp mould is morally certain to blow. 
This applies to the mould as a whole, or to parts of 
it ; local hard or wet spots give the same effect. 
Such a case is illustrated in fig. 173, where it will 
be noted that the upper portion of the fracture is 
honeycombed with blowholes, the lower portion being 
comparatively solid. Here, sufficient moisture has 
been present to cause bubbling from the bottom, the 
gas bubbles and shots of metal having risen to the 
top, where escape has been retarded by a solidified 
outer crust. As a final result the bottom of the 
casting, where the disturbance originated, is solid and 
free from blowholes. The wet spot typified in fig. 
173 represents excessive dampness in one portion of 
the mould, and not wet in a literal sense of the word. ™ ,-« « . 
Naturally, had the mould been actually wet, the fluid ^^''' ing Blo^dll '^' 
metal would have been violently ejected by the sudden 

generation of steam. However, sufficient was present to cause the effect 
shown. Local hard spots on the face of the mould have a very similar effect, 
except that the disturbance is due to the non-escape of the gases of the 
mould, and not to the formation of steam. Apart from the condition of 
the sand, mould or core, blowholes may originate from the presence of 
other metals, for example, chaplets in the mould. Fig. 174 shows an actual, 
though somewhat unusual, type of such a V)lowhole. In this instance it 
will be noted that a screw has been cast in by leaving the head projecting, 
and this head must have been either damp or rusty, hence the blowhole. 
Similarly, any metal forming part of the mould, for example, chills, spindles, 
rods, etc., will, imless free from rust and moisture, give rise to blowholes. 
Lining shafts is most commonly practised in brass foundries, but, quite 
apart from the metal or alloy employed, the metallic core must not only be 
perfectly dry but must also be free from rust, which is a chemical combina- 
tion of oxide of iron with water. Rust or scale, quite apart from preventing 
metallic contact, will, under certain conditions, give rise to the formation 
of gas, which, trapped within the metal, results in blowholes. The practice 
of heating a clean metallic core or chill is therefore good, and in dry sand 
moulds practically always leads to success. With a green sand mould the 
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introduction of a warm core or chill should be quickly followed by casting, 
otherwise moisture will condense and blowholes result. Practically, then, 
blowholes in grey iron or brass castings are caused in the majority of cases 
by (a) the formation of steam, or (b) the impervious nature of a part or the 
whole of the mould to the passage of gases generated in the mould during 
casting. Blowholes in steel and white iron castings may be due to the con- 
dition of* the mould or to the condition of the metal, but it is always well 
to be certain of the mould before blaming the metal. This can be readily 
assured by the appearance of the blowholes themselves, as those due to 




Fio. 174.— Blowhole. 

the mould always show oxidation tints, the effect of which, from a colour 
point of view, are very pretty, but from a moulder's point of view are very 
bad. Gases absorbed during melting, and liberated on solidification, give 
bright blowholes free from oxidation tints. 

Faults due to the pattern represent a practically inexhaustible topic, but 
in the majority of cases niay be simply expressed as due to a departure from 
that canon of foundry faith, gradual change in thickness of section. Familiar 
examples of abrupt changes in thickness of section are often found in the 
junction of flange and bodies. 

Hydraulic castings in gun-metal, steam and water castings in brass or 

steel are especially guilty in this respect, 
and it is no imusual tiling to see flanges of 
a thickness out of all proportion to that of 
the body of the casting. Hence, imequal 
shrinkage is bound to occur, and the weakest 
part of such a casting will be the junction 
indicated by arrows in fig. 175. A valve 
body of this type, in which the flange bears 
a ratio to that of the body of 4 to 1, is very 
likely to leak at the junction when tested by water or steam under 
pressure. Similar conditions prevail when heavy bosses are cast on light 
bodies, and the junction of l)08s and body offers a very favourable locality for 
leakage when under pressure. When possible, a core through such a boss will 
offer material assistance in unifying the shrinkage rates. All sharp comers 
should be filleted, and junctions, such as fig. 175, if left on the pattern in that 
form, would be filleted by the moulder. Suitable filleting is of assistance in 
remedying faults of design, and when practised should be followed with the 
one object of minimising abrupt changes. In experimenting with heavy 
flanges, in which the ratio of flange to body was 8 to 1, we have obtained 






Fio. 175. —Flange and Body. 
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castings in which the flange was completely severed from the body; this 
occurred even in a green sand mould with a Rlleted junction. In other cases, 
whilst an actual severance was not obtained, a series of fine holes, technically 
known as " draws," were shown around the junction. 

A further aspect of the same question is found in crystallisation ; if, during 
cooling, conditions are present which affect the crystal growth or cause it to 
take a particular direction, such retardation may give rise to planes of weak- 
ness, if not of actual fracture. As an instance, a rectangular casting 
sectionally shown in fig. 176 may be cited. In cooling from a molten condi- 
tion, the four angles containing the greater mass of metal are the last to 
solidify. The crystals will take their direction from the cooling surface; 
hence, a disturbance is naturally to be expected in the comers ; not only so, 
but each plate in process of contraction will tend to approach its own centre, 
thereby further weakening the comers. Evidently, then, these angles, when 
the casting is subjected to hydraulic pressure, will offer channels which, 
though exceedingly minute, are none the less effective in permitting the 
passage of water to the exterior. This is intensified by the fact that the 





Fio. 176. - Rectangular Casting. 



Fig. 177.— Diagram showing Expansion 
by Water. 



internal water pressure tends to force the plates outwards or away from each 
other, thus exaggerating the structural weakness of the angles, and imper- 
ceptibly widening the paths along which the penetrating water travels. This 
is illustrated in fig. 177, the internal pressure, acting in the direction of the 
arrows, tending to intensify the already porous structure of the comers. 

The foregoing aspect has been noted, since faulty design shows most in 
the case of castings subjected to water or steam tests ; and it is often not 
sufficiently realised that, when under such a test, the casting is temporarily 
expanded by the internal pressure, an effect which intensifies any local 
porosity. Generally speaking, it is harder to meet water or steam tests than 
mechanical tests, because, in the one case, the whole of the casting is tested, 
whilst in the other only a straight bar, which may or may not be cast on the 
casting. At any rate, when the complete casting is tested, any local defect 
due to faulty design or moulding is at once shown up. When a casting fails 
under water or steam, the leakage or sweating is due to inter-crystalline 
porosity. Molecular porosity is a myth so far as commercial castings are 
concerned. The ideal casting will, therefore, be one which passes from the 
liquid to the solid state at a uniform rate in all parts, and one in which 
solid contraction is fully shown without developing any stresses, the result of 
contraction, or particular routes caused by crystallisation. The metallurgical 
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aspect of this will be considered later ; the moulding part of it is found in 
obtaining an equal rate of cooling throughout. This sentence practically 
covers all that the moulder can do, and various aspects have already been 
noted, but, without repetition, the following features may be mentioned : — 

So far as the general nm of castings is concerned, the chief aid to equalising 
the rate of cooling lies in the application of chills to the hetfvy parts. The 
converse of this method consists in keeping the thin part of the casting hot, and, 
as an example, the following method may be quoted : — Pulley castings with 
very light rims and heavy arms may, immediately on solidification, have the top 
part removed and a trench dug round the rim, but separated from it by a 
2-inch wall of sand, care being taken not to expose the rim. This trench, 
filled with molten metal, acts as a heat reservoir for the thin walls of the rim, 
and to some extent tends towards equalising the rate of cooling. Other 
methods, having the same end in view, consist in exposing heavy parts of the 
casting, and allowing air to play on them, whilst the lighter parts remain 
covered by sand. The sand round a heavy boss may, on completion of feeding, 
be removed, and water sprinkled on the boss ; for instance, the boss core of a 
heavy fly-wheel may be dug out, and water used as above, and this method will 
often prevent contraction stresses developing at the junction of boss and arm. 
A wider application lies in the circulation of water through the core of a 
heavy casting, as was customary in the days of cast-iron ordnance. By this 
method the water does not come into actual contact with the casting, and, if 
generally applicable, would have many advantages. Unfortunately, the method 
is not applicable to varying classes of work ; the expense of fitting up piping 
for each separate job, and the risk in the case of leaking joints, are its chief 
drawbacks. However, whilst the circulation of water through the core of a 
casting possesses certain possible advantages, the actual application of water 
to a solid red-hot casting should only be adopted as a last resort to save a 
hopelessly designed casting. Types of such castings are by no means un- 
familiar in many foundries. Whilst the properties of certain brasses and 
bronzes are improved by water cooling, such treatment in the case of cast-iron 
and steel is, owing to the sensitivity of iron and carbon at high temperatures, 
not advisable except in the direction indicated. Under these conditions all 
cooling water should be applied by means of a water brush or swab, and the 
outside of the casting should be allowed to become partly reheated by drawing 
heat from the hotter centre between each application. 

As a final word on patterns it may be noted that the balance of a pattern 
should not be thrown out by the gates. Thus, in the case of a symmetrical 
casting, the gates, which are part and parcel of it, may be cut in such a fashion 
as themselves to develop contraction stresses in the casting. The authors had 
this fact very forcibly impressed upon them by the loss of a large brass tread 
plate which cracked across the width in cooling. As comparatively large 
runners and sprues had to be used, and as only one large crucible was avail- 
able, the contracting gates on one side simply pulled the casting in two. 
Under the same condition a grey iron casting would have hopelessly warped. 
The remedy lay in cutting dummy gates along the opposite side to that from 
which the casting was run. Therefore, if the casting has to be thrown out of 
balance by the gates it should be brought in again by cutting dummies to 
neutralise the eflfect of the gates. 

In concluding this chapter it may be noted that wasters often arise from 
no apparent causes ; there must, of course, be a reason for every waster, but 
the point is that the reasons may not be known. Whilst writing this chapter 
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wo have had this truth forcibly demonstrated. An experiment in which three 
castings with heavy ends and light centres were made, and cast under normal 
foundry conditions, showed contraction flaws in two of the castings, whilst 
the third was entirely free from such flaws. Apparently, the throe should 
have behaved in the same way ; in point of fact, they did not ; this is typical of 
much that happens in foimdry work. The moulder, having done his very best, 
should, in the event of wasters occurring, use them as a means of research, and, 
having found out the cause of failure, he has, in future work at any rate, one 
stumbling-block removed. Care and thought will save much trouble, but 
that care should never extend to over-anxiety or nervousness. In our own 
experience we have found nervousness responsible for as many lost castings as 
carelessness, and therefore that golden rule of the happy mean should be aimed 
at in every case. 
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CHAPTER XXV. 

HALLEABLE OB WBOVOHTIBON, STEEL, OAST-IBOH, AND 
HALLEABLE OAST-IBOH. 

The liasis of all these materials is the metal iron, modified by the amount, 
the combinations, and the distribution of the impurities, and by heat and 
other treatment. The metal iron has been obtained in its greatest perfection 
aa to ohomical purity by electrolytic deposition; and, probably, the purest 
sample known was that obtained by Dr Hicks and Mr L. T. O'Shea, in which 
no trace of impurity of any kind could be detected after heating the sample 
to a rod heat and cooling it in the air. The authors have had the privilege 
of experimenting with a portion of this very pure iron. The sample was 
bright and metallic, very brittle as taken off the cathode, owing to a strong 
crystallisation at right angles to its surface ; but, on heating and cooling, it 
b<M.>ame tough. It is soft, and can be easily cut with scissors. Both before 
and after aimealing, the iron easily scratches calcite and only scratches fluor 
spar with difficulty, being scratched by fluor spar, so that its hardness is 
certainly more than 3J and is just barely 4 on Mohs* scale of hardness. 

The purest iron that can be obtained in quantity in commerce is Swedish 
wrought-iron, the liest samples of which contain only 0*04 per cent, combined 
carlH>n, 0*02 per cent, silicon, 0*07 per cent manganese, 0-02 per cent 
phosphorus, 0*02 per cent sulphur ; and are thus of over 99*8 per cent purity. 
It is extremely soft, malleable, and ductile. When tested in tension it 
takes a j^ermanent set when the stress reaches about 1 2 tons per square inch, 
Itears a maximum stress of about 20 tons per square inch of the original 
station, ainl a t^^t piece 2 inches long x '564 inch diameter elongates 50 to 55 
}H^r wnt, of its length, and contrncts at the point of fractiure 75 per cent of 
iti* original area. lVoft>5Wi>r AnK>ld, in experiments on the properties of steel 
CHstings^ has molt^Hi siMue of this pure material, and made it into castings of 
aluu>«t tHjual jmrity (99*81 per cent Fe, 0*07 per cent CO.), which gave the 
fi^Howiusr It^ts : — 



Tons iMHT Sqouv Inch. _, _. ^. 
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2 IdcIms. per eent 



KWtic 
liiuic 


Maximum 


uv; 


19S 


91 


19*:i 



A$<.^U . . 10-; 19-S s.^ » 

Auu^t\l . , , 9-1 19*:» 4< 65 



MALLBABLB OR WROUGHT-IRON, 8TEBL, CAST-IRON, BTC. 211 

The corresponding figures for the forged samples were 14 '4 tons elastic 
limit, 22 tons maximum stress, 47 per cent, elongation on 2 inches, and 
76*5 per cent, reduction in ai*ea. Best Yorkshire iron, a wrought-iron made 
from best native ores and special fuel, may be exemplified from a 1905 analysis 
and test of Famley iron. Its composition is C.C. 0*05 ; Si, 01 ; Mn, 007 ; 
P, 0*12; S, 0*01 ; under tensile test elastic limit 18 tons per square inch; 
maximum stress 25^ tons ; elongation 39 per cent, on 2 inches ; and reduction 
in area 51 per cent. Best Staflfordshire iron tested on 1 inch roimd stood 24 
tons per square inch maximum stress, with 30 per cent, elongation on 8 inches, 
and 45 per cent, reduction in area. While very common or poor quality 
wrought-iron may contain 0*3 or even 0*5 per cent, of phosphorus, and break 
so short that, while its tenacity may be lower than that of the purest iron, 
the elongation and reduction of area may be under 5 per cent. 

These are examples of wrought-iron, which, as a general rule, contains 
more phosphorus than a similar steel, although Swedish wrought-iron is an 
exception ; generally, also, less manganese than in mild steel, the only material 
with which it may be confounded ; and may have the same amounts of com- 
bined carbon, silicon, or sulphur. ' Hence, chemical composition, though a fair 
guide, cannot be relied upon for a definition of wrought-iron. 

Pig-iron is generally defined as the crude product of the blast furnace, 
but, as the phrase does not seem to give suflBcient credit to the very high order 
of skill and care at present bestowed on the blast furnace to obtain materials 
of well-designed composition, it would perhaps be better to define pig-iron as 
the metallic product of the blast furnace, as cast for convenience in handling 
in the form of a sow and pigs. When this material is subject to remelting 
and casting only, with merely the changes that may inevitably take place 
during the process, it is called cast-iron. Cast-iron, of all the commercial 
forms of iron used in comparatively large' quantities, has the greatest amount 
of impurities, containing generally from 2 to over* 4 per cent, of carbon, 0*1 
to over 3 per cent, of silicon, with very varying amounts of manganese, 
sulphur, and phosphorus, an average pig or cast-iron containing from 4J to 
nearly 10 per cent, of impurity, and therefore is an iron of 95^ to 90 per cent, 
purity. 

Wrought-iron is the type of the purest commercial iron, cast-iron of the 
least pure, but the most characteristic difi^erence between the two is that 
masses of wrought-iron of practically any size may be hammered or rolled at 
suitable temperatures down to the smallest sections, while cast-iron can neither 
be hammered nor rolled at any heat ; in fact, it is said to be not malleable. 
The tenacity of cast-iron varies from about 5 to 15 tons per square inch, or 
in exceptional cases even up to 18 tons, with practically no elongation or 
reduction of area. 

Steel is something intermediate between these two. The amount of 
carbon it may contain varies from even less than 0*1 per cent, up to at least 
2*25 per cent. Again, it is seen that the amount of carbon present will not 
distinguish between steel and wrought-iron on the one hand and between 
steel and cast-iron on the other. Steel, however, should be malleable, and so 
malleable that comparatively large masses of it may be worked down into 
small sections. Thus, a true application of the malleability test separates 
cast-iron from wrought-iron and steel. In early days any iron material that 
could be forged, hardened, and tempered was called steel ; but, when the 
structural products from the Siemens furnace and the Bessemer converter 
arrived, they also were called steels, although they will not sensibly harden or 
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temper. An attempt has been made to call these and similar products ingot 
iron, but the name steel for these is too widespread, convenient, and well known 
to be easily changed. Another attempt has been made to classify according 
to the percentage of carbon contained. This also seems doomed to failure 
by reason of its non-compliance with the usages of commonsense among 
those handling the materials. Thus, it was suggested that all materials con- 
taining over 2 per cent, carbon be called cast-iron, while the authors and 
many others have made tons of steel for the open market that was freely 
malleable, being hammered from 3-inch square ingots to bars, say, 2| inches x 
^-inch, could be hardened, tempered, and softened by annealing without the 
production of free carbon as amorphous or annealing carbon, and yet contained 
over 2 per cent, of combined carbon. That this material should be classed 
as cast-iron is manifestly absurd. MalleabiRty of this degree is the character- 
istic feature dividing cast-iron from wrought-iron and steel. Nothing has 
yet been stated that will distinguish between wrought-iron and some steels. 
Dead mild steels may have even less than 0*1 per cent, of carbon, while 
ordinary commercial wrought-irons often contain up to 0*2 or even 0'3 per 
cent, carbon. Wrought-iron, however, as such, has never been in a molten 
condition. It is produced by the puddling process ; and, although the pig- 
iron from which it is made has by certain processes been molten, still the 
iron " comes to nature " as small particles in a pasty condition, is gathered 
into balls, and the particles welded together by hammering or by pressure. 
Thus, there always remains some slag or cinder, which, even in the purest of 
Swedish wrought-irons, is a characteristic feature, and plainly visible under 
the microscope with suitably prepared sections. Mild steels may, occasionally, 
contain involved cinder ; and sulphides, under certain special conditions, are 
difficult to distinguish ^m cinder, but with care may be so distinguished ; 
while in the case of wrought-irons undoubted cinder is always present. When 
wrought-iron has been heated in charcoal for several daj^ it becomes blister 
steel. It still contains the cinder, but has taken up sufficient carbon to enable 
it to be hardened and tempered, and is malleable to the degree already indi- 
cated. There yet remains malleable cast-iron to be considered. Malleable 
cast-iron has been cast as a hard white cast-iron, and either the combined 
carbon partly or wholly changed to free carbon, or a large proportion of the 
carbon actually removed by annealing processes ; the resulting comparatively 
small casting being in many cases sufficiently malleable to be drawn out under 
the hammer, but not sufficiently so to be worked down from large masses to 
small sections. Some of these malleable castings are made of such a composi- 
tion, and with such treatment, that they can be forged, as mentioned, and also 
hardened and tempered ; still, having been cast as white cast-iron, and the 
result obtained by heat treatment, the general verdict of the trade would be 
that such articles are special malleable castings, and do not come imder the 
heading of steel. Such materials might have been aptly called semi-steel, if 
the Americans had not already appli(^ the term to cupola metal obtained by 
melting cast-iron and steel scrap. Good steel should never contain any free 
carbon, either as graphite or amorphous carbon ; while free carbon is a char- 
acteristic feature of malleable castings. It will readily be seen that the 
classification is no easy one, and that, as in all cases of one substance merging 
into another, boundaries are the subject of much disputation ; but the 
matter has been given with a fair amount of detail, as free from bias as pos- 
sible ; and with an endeavour to represent the meanings of the names as they 
are understood by the vast majority of makers and users of iron and its 
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modifications. The above points must not be passed lightly over with the 
idea that names matter little, for these very names must be used in writing 
and speaking of the materials, and should be capable of giving clear ideas 
when used. It would be inconvenient to enter into an elaborate specification 
each time, and a careful study of the difiiculties of the case will result in a 
better knowledge of the types of materials available. Withal, many will 
expect a specifically worded definition for each of the varieties, and this will 
now be attempted. 

Steel consists mainly of iron, with varying quantities of combined carbon 
(0-05 to at least 2*25 per cent.), silicon, manganese, sulphur, phosphorus, and, 
in many cases, other elements; it can be forged from comparatively large 
masses into the smallest sections, and either it can be hardened and tempered, 
or it has been poured direct from the fluid state into a malleable mass. 

Malleable or wrought-iron consists of the same materials (combined carbon 
generally less than 0*3 per cent.), always contains involved cinder, is eminently 
malleable, has never, as such, been in the molten condition, and is not sensibly 
hardened when heated to a good red heat and quenched in cold water. 

Cast-iron also consists of the same materials (total carbon generally 
between 2 and 4 per cent.), but it' is not malleable. 

Malleable cast-iron has been cast in the form of a hard white iron, and 
given a degree of malleability and toughness by subsequent annealing, during 
which either the carbon is partially eliminated and the remainder partly 
combined carbon and partly amorphous or free carbon ; or, the amount of the 
carbon is scarcely altered, but the condition of the bulk of it is changed to 
amorphous or free carbon, and the remainder left as combined carbon. 



CHAPTER XXVI. 

OAST-ntON. 

Pig-iron. — Pig-iron has already deen defined as the metallic product of the 
blast-furnace roughly cast for convenience into masses known as pigs, and 
cast-iron the same after being merely remelted and poured into castings 
without necessarily any intentional alteration in composition, the actual 
alterations being, as a rule, only those that inevitably accompany the 
particular process of remelting us^. 

When pig-iron is melted under oxidising conditions to decrease, or even 
almost to remove, certain constituents, as, for instance, silicon, it is known 
as refined cast-iron or sometimes merely refined iron. In certain cases the 
purification or oxidising action is carried so far and under such conditions as to 
remove practically all the silicon, manganese, sulphur, and phosphorus, leaving 
only the carbon, and this product is known as washed metal. To give an idea 
of the extraordinary degree of purity attained, the following experience with 
one of the earliest samples of the special American washed metal received from 
Mr E. L. Ford is worthy of record. It was drilled, and the drillings distributed 
in the laboratory so as to give, in the end, at least duplicate determinations of 
each element. Silicon and manganese could not be detected, the yellow precip- 
itate indicating the presence of phosphorus was not weighable, sulphur showed 
about 0*012 per cent., and the combined carbon was returned at 3*25 per cent. 
Two qualities were at that time offered for sale, and samples of the better 
quality bought in the ordinary way of commerce differed but little from the 
results given, namely, combined carbon 3J per cent., sulphur 0015 per cent., 
manganese, silicon, and phosphorus a mere trace. Cast-iron generally contains 
more carbon than steels ; although, in a very small minority of cases, steels 
are made containing more carbon than an exceptionally small quantity of 
cast-iron. Although these cases are exceptional and insignificant in quantity 
yet they serve to emphasise the fact that the amount of carbon present is not 
the essential difference between cast-iron and steel ; but that the essential 
difference is that cast-iron is not malleable, while steel is malleable. Although 
the American washed metal is practically pure iron, with about 3J per cent, 
of carbon, the purest example of cast-iron untreated from the blast furnace 
is the Swedish white iron, a characteristic sample of which contains about 
4 per cent, of carbon and small amounts of silicon, manganese, sulphur, and 
phosphorus, a typical analysis of one of the purest brands being combined 
carbon, 4 per cent.; silicon, 0*2 per cent.; manganese, 0*3 per cent.; sulphur, 
0*02 per cent.; phosphorus, 0*02 per cent. Practically, all the carbon is 
in the combined form, and, neglecting the small amoimts of silicon, manganese, 
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sulphur, and phosphorus present, the material consists of about 53 per cent, 
of the carbide of iron Fe,C as cementite, containing 6*7 per cent, of carbon, and 
having practically a haraness of 7, equal to that of quartz (grains of silica sand) 
or of flint ; and 43 per cent, of the constituent pearlite, the latter practically of 
the nature of a best quality steel for cold setts imhardened. These constituents 
are very evenly distributed, and so fine that they can only be properly seen by 
the aid of a microscope (see fig. 235). A consideration of the nature of its con- 
stituents will, however, make clear the position of this material as the hardest 
among cast-irons, as also the fact that with skill and care it can be drilled by a 
properly hardened steel drill of special quality, as the hardened steel drill is 
entirely composed of constituents of hardness, 7, or equal to that of flint. 
Probably the next in point of purity that has come within the practical experience 
of the authors was also a specially pure Swedish brand, extensively used for some 
particular commercial work not connected with the foundry. This iron was soft 
to the file, diflBcult to break with the sledge hammer, and, when broken, 
showed a fine grey fracture ; whereas, we have seen that the other was hard, 
brittle, and had a white fracture. On analysis this pig proved to be of a very 
pure nature, but the carbon was mainly in the form of graphite, the manganese 
was only O'l per cent., the sulphiir and phosphorus as before, and the silicon 
0*60 per cent. Another Swedish iron, containing practically the same amounts 
of sulphur and phosphorus, but with -3 per cent, of manganese and 1 per cent, 
of silicon, was also soft and grey, with a fracture almost exactly the same 
as the other, and had most of its carbon in the free or graphitic form. As 
with the white iron, consider the constitution of the grey iron as revealed by 
the microscope. Plates or crystals of graphite exactly similar to the ordinary 
plumbago or black lead of commerce, with a hardness of about 1 to 2, that is, 
easily scratched by the thumb nail. The main mass of the material is ferrite, 
which contains most of the iron and of the silicon, and is as soft as ordinary 
wrought-iron. A small portion, the pearlite, mentioned in discussing the 
white pig, practically completes the series, and the whole constitution Slows 
how it is that the grey iron is so typically soft. 

All these pig-irons, having been cooled at substantially the same rates, run 
at about the same temperature, and been made by the same process under 
similar conditions, it will be evident, on thinking well over this simple case, 
that a pure iron and 3 J to 4 per cent, carbon form hard white iron ; that the 
presence of silicon determines the liberation of free carbon as graphite, as 
witness the 0*6 per cent, silicon grey pig ; while the series at least suggests 
that manganese has an opposite eflect to that of silicon in this matter, and 
tends to keep the carbon in the combined form. Taking, for the moment, the 
more ordinary amount of 0*3 per cent, manganese, if the 0*2 per cent, silicon 
gives a white iron and the 1 per cent, silicon gives a grey iron, then about a 0*5 
per cent, silicon pig of this series has a curious fracture, small portions of grey 
fracture alternating with small portions of white fracture forming what is 
very graphically called a mottled pig-iron. As with the Swedish charcoal pig- 
iron series, so with the coke series of this country. Some pig-irons have an 
entirely grey fracture, others are completely white, while others intermediate 
between these have a mottled fracture. The corresponding compositions, 
even with regard to silicon content, are not the same; for in an English 
hematite series the grey of a similar fracture would generally contain over 
1 J per cent., the mottled about ^ per cent., and the white about J per cent, 
of silicon. 

There are other important differences, which will be taken in detail later 
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ill this chapter ; but, at present, it is advisable to remember those three types 
of pig-iron — grey, mottled, and white. 

Although the members of the series of pure Swedish pigs chosen to 
introduce certain fundamental principles are seldom used in the foundry as 
cast-iron, yet, by reason of their purity, these very principles are less difficult 
to follow than when results are modified by other elements present. Taking 
the hematite as the next example, we have an illustration of the general run of 
things in other series of pigs. We see the usual alterations in the amounts of 
the various elements as we descend the series ; and, altogether, the table of 
figures given is worthy of very careful study by those who would become 
familiar with what to expect from different grades and qualities of pig-iron 
available. The following table was supplied by the makers of the Camforth 
brand of hematite as representing typical compositions of their various 
numbers : — 

Hbmatitb Pig-Iron. 



No. 


Gniphitic 


Combined 
C. 


Silicon. Manganese. 

i 


Sulphur. 
Trace 


Phos- 
phorus. 

•02 to -06 


1. Bessemer, 


3-50 


0-60 


20 to 3-0 0-1 to 0-3 


2. 


8 -30 


0-60 


2-0 to 2-5 


0-02 




3. 


310 


0-80 


1-5 to 2*0 


0-04 




3. Foundiy, 


2-80 


0*80 


2-0 to 2-5 


0-06 




4. Forge, . 


2-50 


1-10 


1-60 


tt 


0*08 




5. „ . . 


2-]0 


T30 


1-20 


fi 


oni 




Mottled, 


1-40 


1-80 


070 




016 




White, 


Trace 


8-00 


0-30 


»» 


0*20 





It will be noticed that the silicon content of the pig-iron diminishes in a 
fairly regular manner from No. 1 grey to white, that the manganese and 
phosphorus are almost steady throughout the series, that the sulphur tends to 
rise and is at '2 and often 0*3 in the white iron, while the C.C. also increases 
from No. 1 gi*ey to white. For coke blast-furnace practice these results are 
fairly typical, and perhaps a few words of explanation on the causes of these 
differences would help the memory and aid in avoiding pitfalls. With normal 
amounts of phosphorus and manganese in the ore, practically all the phosphorus 
and a large proportion of the manganese in the blast furnace charge pass into 
the pig. Taking a slag that would produce a No. 4 pig, if more lime be used 
a more baaic and less fusible slag wHi be formed, more coke and a higher 
temperature will be required. The higher temperature tends to reduce more 
silicon into the pig, and the more basic slag, more completely to prevent 
sulphur passing into the pig by holding it bound in the slag. Similarly, the 
conditions which produce a low silicon white iron also admit of a high sulphur 
content in the pig. The Swedish series shows no such rise in sulphur in their 
white irons, but it must be remembered that their ore as it reaches the blast 
furnace is almost free ; and their fuel, charcoal, may be said to be quite free 
from sulphur, so that none can pass into the pig-iron, as compared with English 
blast furnace coke, which is difficult to procure regularly with less than 1 
per cent, of sulphur. Hence, to obtain a white iron low in sulphur in the 
ordinary practice of this country it is necessary to refine a grey iron. We 
have still, however, one native charcoal cold blast pig-iron produced in 
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Cumberland, brand "The Lorn," and its grey and white irons have been 
specially analysed for insertion here. 





"Lorn" English Charcoal Cold Blast Pig. 




Grey, 
White, 


C.C. 

. ! 8-35 

1 


Gr. 
3-35 


Si. 

0-84 
0-25 


Mn. 


S. 

0016 
0056 


P. 

008 
0-112 


0-12 
009 



Although in pigs of small section, this grey iron had a beautifully regular 
fine grey fracture, with no sign of mottle in it. 

In all the different brands of pig-iron made from different types of ores 
or charges there are certain general principles which must be remembered in 
order to get a fair idea of the material available. The percentages of silicon, 
of sulphur, of graphite, and of combined carbon, vary after the same fashion, 
and with a similar kind of interpendence, as is the case in the hematite series. 

As nearly all the phosphorus in the charge passes into the pig-iron, the 
percentage of phosphorus in the various numbers of pigs is fairly constant. 
Thus, the phosphorus in Staffordshire All Mine pig (that is all ore, no admixture 
of puddler's cinder in the iron producing part of the burden) is about 0*6 per 
cent., in Yorkshire about 0*7 per cent., in Scotch 0*7 per cent., in the pigs 
from the Northampton and Lincolnshire ores about 1*2 to 1*4 percent., in 
pigs from Cleveland ore 1 '4 to 1 -6 per cent., in pigs for stove grates and similar 
work up to 2 per cent., and in pigs from buixiens with varying proportions 
of puddler's cinder and phosphoric ores anything up to, say, 3^ per cent, of 
phosphorus. Part of the manganese is found in the slag and part in the iron, 
but the result is that in any one series from the same ores the manganese is 
fairly constant. Thus, in special West Coast irons from Cumberland ore 
manganese will run to about 0-3 per cent. ; while hematites from Spanish ore 
have about 1*0 per cent. ; from Northampton, Leicester, and Lincolnshire ores, 
say, 0'4 to over 1 per cent. ; from Cleveland ores about 0*5 per cent. ; and 
special Scotch, 1^ to 2. 

The following table of analyses of a set of pig-iron samples, chosen to 
ilhistrate the appearances of the fractures of the various numbers, will also 
serve well to illustrate how, under certain conditions of management and 
driving, not known to the foimder who uses the pigs, the fractures give but 
little indication of the compositions of the pigs : — 

Hematite Pig-Irons. 



No. 

1 


Gr. C. 


C.C. 


Si. 


Mn. 


S. 


3 28 


0-39 


1-44 


0-70 


0-011 


2 


3-92 


0-33 


1-31 


0-69 


012 


3 


3-80 


0-83 


2-10 


0-72 


0-043 


4 


2-95 


0-52 


0-53 


0-72 


0-122 


5 


3-33 


0-49 


1-27 


0-58 


0141 


Mottled 


2-06 


1-60 


0-75 


0-60 


0-086 


White 


traces 


3-80 


0-46 


0-65 


0-320 



0-016 
0-052 
042 
0-064 
0-042 
0-041 
0-040 
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The percentages of silicon vary in a most erratic manner, the phosphorus 
content is fairly regular, as also the manganese, but mixing by fracture from 
this assortment of pigs would be expected to give a very unsatisfactory result ; 
and such has been the experience of the authors and that of two other users 
known to them. In mixing pig-irons for the manufacture of steel and also 
for the manufacture of cast-iron castings, composition is the guide, and, where 
the appearance of the fracture does not indicate the composition, it is at the 
best misleading. Such a series of compositions attached to the numbers shown 
in the above table should compel those who have not already done so to give 
their most serious consideration to the subject of mixing by analysis, which is 
so very widespread in America, where, perhaps, the conditions of blast-furnace 
working make its use more imperative, but which, nevertheless, should be much 
more widely used in this country than it seems to be at present. For mixing by 
analysis some knowledge of the influence of the various impurities in cast-iron 
on its properties is requisite, and, after considering the following brief account 
of the several influences separately, their combined effect must be sought after. 

Gombmed carbon is the material which, within the limits generally 
found in castings, increases the strength, the hardness, and, ultimately, also 
the brittleness of the iron. In ordinary castings to be used as cooled from 
the mould without further heat treatment, the combined' carbon varies from 
about 01 per cent, to about 1 per cent. ; the carbide of iron, therefore, from 
1*5 per cent, to 16 per cent. ; the amount of this constituent and the nature 
of its distribution have probably the most powerful influence on the 
properties of the iron. It is not practicable, however, to calculate a 
mixture on the combined carbon in the materials used in the mixture, as the 
amount in the flnal casting has no definite relation to this, and varies not 
solely according to the rate of cooling, but, assuming the same rate of cooling, 
is mainly determined by the influence of the other elements present. Hence, 
the rate of cooling generally being roughly fixed by the size of the casting, the 
amount of the combined carbon is mainly determined by the nature and 
amount of the other impurities present. 

Graphitic Carbon. — In a cast-iron the total carbon is generally fairly 
constant somewhere about 3 or 4 per cent. ; and, as all the carbon not combined 
is graphitic in an ordinary cast-iron, the conditions tending to decrease the 
amount of combined carbon tend to increase the graphitic carbon and vice versd. 
The extreme softness and weakness of graphite have been noted, and, as it is 
merely mechemically mixed in the substance of the cast-iron, it merely tends 
to weaken the metal as a whole in tensile stress ; and, for any one grade of 
graphitic carbon, the more so the greater its amount ; while, generally, the 
coarser its crystallisation the greater is the weakening effect in tenacity of a 
given amount. It is obvious that in crushing tests this weakening will not 
hold to the same extent, and the general effect will be to increase rigidity. 

Silicon. — Of all the elements usually present in cast-iron, silicon plays 
probably the most important rdlCy not that its own influence on the nature of 
the material is so great within the amounts generally present in the finished 
material, say, up to 3 J per cent., but because of its effect on the condition of 
the carbon. For an ordinary rate of cooling, the simplest cast-iron, iron with 
about 3 to 4 per cent, of carbon, is a white iron, while the presence of silicon 
tends to throw the carbon out of the combined form and to make it appear in 
the metal as free or graphitic ; and, as a general rule, within the usual limits, 
the rate of cooling being kept constant, the higher the percentage of silicon 
the lower the percentage of combined carbon in the casting ; and, also, the 
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more rapid the ccoling, the greater is the amount of silicon required to prevent 
more than the desired amount of carbon remaining as combined carbon. It 
will thus be obvious that, in cast-iron castings, to produce a given type of 
fracture, the thinner the section the quicker the rate of cooling and the 
higher the silicon must be. This is well exemplified in the subjoined table 
of the percentages of silicon, which the authors have found serviceable as a 
guide in the manufacture of the given types of castings, the other elements 
being present in normal amounts. 

SiucoN Standards as Used by the Authors. 



Tyiw of Casting. 



Malleable cast-iron, 

Chilled grey iron casting, 

High-pressure cylinders, valve bodies, etc., 
General machine and engine details, gearing, etc., 
Soft engineering and mifiwrigbt castings, pulleys, etc., 
Soft thin castings, stove grate and similar work, . 
Hollow ware, 



Silicon 
per cent. 



0-6 to 0-8 

0-75 to 1-0 

18 

1-6 

2-5 

2-6 

8 



to 3*0 
to 8-5 



Silicon not only tends to change carbon from the combined to the graphitic 
form, but, when present in increasing amounts, seems more and more to pre- 
vent the absorption of carbon or to drive it out, if present. Thus, a ferro- 
silicon of about 14 per cent, silicon generally only contains about 1 J per cent, 
of carbon, practically all in the graphitic form, and at this stage the silicon 
has shown its own influence, for the material is comparatively hard and brittle ; 
just as, to a less degree lower down in the scale, are the glazed or silvery pigs 
of about 5 per cent, silicon. 

Manganese. — When manganese is present in a pig-iron the simple carbide 
of iron of the pure iron and carbon material is probably, partly at least, re- 
placed by a double carbide of iron and manganese, which is generally of a 
finer structure and stronger nature than the ordinary carbide, and also seems 
to resist decomposition by silicon better ; so that while silicon has a tendency 
to increase the graphitic carbon, manganese has the tendency to keep more oi 
the carbon in the combined form. Hence, silicon is often spoken of as a 
softener for cast-iron, and manganese as having a hardening tendency. 

Sulphur. — In the absence of manganese, sulphur is present in iron as 
sulphide of iron, while, with a sufl&ciency of manganese, it is present as sulphide 
of manganese. Sulphur, like manganese, has in some way the tendency to 
make castings harder, and particularly so if present as sulphide of iron. 
Sulphide of manganese will separate out from the iron, and, if given a chance, 
will float to the top. Hence, if these two hardeners are brought together, 
they may combine and partly remove one another, and thus have a softening 
eflect, an action which explains the occasional and apparently anomalous result 
of manganese acting as a softener. Sulphur, besides its hardening effect 
(which may be counteracted), has a deteriorating influence on the properties of 
cast-iron tending to make it brittle ; excess should be carefully avoided, and, 
imdoubtedly, in general foundry work as little as possible, less than 0*1 (if 
feasible), and never more than 0*2 for material not to be given some further 
treatment. Still, with material of great purity, such as the iron of the 
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Swedes, with its 0*02 per cent, content, it has been stated that it was found 
necessary by the Swedes themselves to add a small amount of pyrites to get 
the requisite strength, in the old days, when they used it for casting cannon. 
This might be explained by assuming their lack of knowledge of silicon manip- 
ulation ; but the authors were informed by a celebrated maker of cliilled rolls, 
who had not only long practical but deep scientific knowledge of his subject, 
that he had endeavoured to use Swedish iron, and found that, although he 
could obtain the necessary chill, he could jiot make his rolls to wear without 
the normal amount of sulphur present. Assuming the truth of these two 
cases, might it not be that^ as in the case of steel castings with a few blow- 
holes, it is easy to avoid hot cracks- and shrinkages owing to the formation 
of the blowholes preventing strain at a critical time, the small amoimt of 
sulphide might have some similar effect? Be that as it may, the vast 
majority of founders need have no heart-searchings over such matters, for 
the general rule is that there is sulphur enough and to spare, and the founder 
has to watch carefully to keep it at a low enough limit. 

Phosphorus. — Unless in, greater amounts than is generally met with in . 
foundry practice, phosphorus seems to have little eflfect on the conditions of 
the carbon. Mr J. E. Stead, F.R.S., in a classical research, has proved that 
• the phosphorus is present as FegP, and is present in pig-irons as a eutectic 
in striped patches containing 10*2 per cent, of phosphorus. Phosphorus 
increases the fluidity of cast-iron, and gives it a very fine skin, so that a 
phosphoric mixture runs into the fine details of art work, such as ornamental, 
designs on stove grates, and faithfully reproduces the beauties of the pattern 
in the casting. Mixtures for some work of this kind may contain as much as 
2 per cent, phosphorus. Phosphorus has, however, a weakening effect on 
the iron, so that where strength is required the phosphorus is kept, as low as 
the price will allow. In thick castings also, the phosphide remaining liquid to 
the last has the tendency to liquate away from thicker parts and thus leave* 
them spongy. Hence, for castings ol luieven section, like valves to stand 
hydraulic pressure, the phosphorus should be as low as possible, and should 
not be over 1 per cent., or the castings are likely to fail under hydraulic *. 
test. Phosphorus also makes the iron more easily fusible ; hence, for ingot 
moulds for receiving molten steel, hematite mixtures should be used, keeping 
the phosphorus as low as 0*06 per cent., which has the further advantage - 
that, when the ingot mould is worn out or has an ingot stuck in it^ the mould 
(with the sticker, if it contains one) can be used as part of the charge in a 
Siemens furnace, instead of being resold to the mould-maker as scrap. 

Nickel. — In 1892 A. M 'William, experimenting with ferro-nickijls for the 
Martino Steel Co., noticed that a 50 per cent, ferro-nickel made from the - 
purest Swedish white iron and the best refined nickel formed a beautifully 
soft, fine grey metal, even when cast in from 1-inch to 3-inch sections in 
chills. At that time no elements other than silicon and perhaps aluminium 
were known to him which had the same eflect; and, although there was no 
prospect of the commercial application of nickel as a softener of cast-iron, the 
result was of scientific interest, and would have been followed up had other 
work allowed. As the result was not published, no claim of priority is made, 
and the incident is mentioned to impress the influence of nickel. In 1899 Mr 
Hadfield, in his paper on " Nickel and Iron," mentions that a steel with*0'74 
per cent, nickel and 1*3 per cent, combined carbon, on annealing, had 1*2 per 
cent, of its carbon precipitated as graphite ; and Prof. Arnold, in his contribu- 
tion to the discussion, stated that a steel containing 1 '3 per cent, carbon and ^ 
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34 per cent, nickel, after rolling, had all but 0*05 per cent, precipitated as 
graphitic carbon, and that annealing produced a similar result. 

Titanimn. — Recently titanium has been recommended by the. American 
expert, Dr Moldenke, as well worthy of a trial as a remover of oxygen when 
very special qualities of cast-iron are required. - 

Vanadium. — Vanadium, which has been so much before the metallurgist 
recently by reason of its wonderful effects in vanadium-chrome and vanadium- 
nickel steels, originally worked out by Prof. Arnold and later by Messrs Sankey 
and Kent Smith, and in the less useful limits by Dj* Guillet, has also been tried 
in cast-irons in some preliminary experiments at the Sheffield University, in 
which it produced a finer grain and showed a distinct, but, so far as tried, 
imimportant improvement in the tensile, transverse, and crushing tests. 

Grading by Fracture. — The system of numbering the pig-irons of a series 
varies widely in different districts, but, as examples, the hematites are generally 
called Nos. 1, 2, 3, 4, 5, mottled and white reckoning from the most open 
■ grey No. 1. The first three are generally spoken of as Bessemer numbers, for 
obvious reasons ; and sometimes, instead of 4 and 5, the terms 4 foimdry and 
*4 forge are used. The Holwell pig, again, is mimbered 1, 2, 3, 4 foundry, 
4 forge, mottled and white. Photographs of characteristic fractures of Nos. 1, 
5, mottled, and white, of the purer hematite series, are shown in figs. 178 to . 
181 ; whilst similarly characteristic fractures of Nos. 1, 4 foundry, mottled, 
and white, of the more.phosphoric Holwell series are shown in figs. 182 to 185. 

Selecting Pig-irons for the Making ci Oast-Iron Castings.— If for 
malleable iron for chill-casting or for steel-making purposes, the reader is 
referred to the chapters on these subjects (XIX. and XXX 11). The first point 
will generally be the amount of phosphorus to be allowed in the finished castings. 
Perhaps a fair average for general castings is about 1 per cent., although, as 
we have seen, some, such as ingot moulds for steel, contain 0*06 per cent., whilst 
.others may be suitable for ornamental work from 1 per cent, even up to 2 per 
cent. It will be clear that, as the different brands give plenty of choice from 
0'04 up to 2 per cent., while the several numbers of each brand vary little in 
phosphorus, the choice is a simple one. The governing feature is that the lower 
the phosphorus content the higher the price, as a rule. Having decided on 
the final phosphorus, the next element that varies but little with different 
numbers is . manganese ; aoid, as manganese has in most cases a fining and 
strengthening influence on cast-iron by its effect on the structure, by its 
mastery over the sulphur (keeping that element in its less dangerous form of 
sulphide of manganese), by its tendency even to eliminate some of the sulphur 
under suitable conditions, and to prevent the iron taking up more from the 
«oke, a content of up to 1 per cent, manganese is aimed at where sulphur 
may be high. It is probably the high manganese and comparatively low phos- 
phorus that has given the special Scotch bi-ands their renown as constituents 
of mixtures. The sulphur, as has already been seen, is chosen as low as 
practicable, and now only the silicon and carbon remain. By this time wo 
have decided on the parti ciilar brands, and in all cases there should be a 
mixture of brands, for, with the best management, a blast furnace is subject to 
bouts of internal derangement ; if the result of this is sent out and reaches the 
founder, with a mixture of three brands the effect on the casting will be 
reduced to one-third, not more than one out of the three furnaces being likely 
to be out of order at one time. Each brand has its series of numbers or com- 
positions, and, as we have seen that for a given thickness of casting or rat« of 
cooling the percentage of silicon present particularly controls the amount of 
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Fio. 178.— Hematite, No. 1. 




Fio. 179.— Hematite, No. 5. 
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Fio. 180.— Hematite (Mottled). 




Fio. 181.— Hematite (White). 
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Fig. 182.-nolwell, No. 1 




Fig. 183.— Holwell, No. 4, Foundry. 
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Fio. 184. -Holwell (Mottled). 




Fig. 185.— Holwell (White). 
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combined carbon, the numbers required must be chosen to give the required 
silicon and result in the final casting, in a way that will be shown in the next 
chapter. Finally, the total amount of carlK)n will be seen not to be under 
control in this way ; but, if too great for the purpose desired, it may be varied 
by allowing a suitable proportion of steel scrap which (in most cases where the 
total mixture, steel scrap included, has been calculated on the above linos) will 
be found to have a good influence on the result, and in many districts to be a 
powerful help in endeavouring to arrive at a certain strength, grade, or purity. 



Typical Analyses op Pig-Irons. 



Name. 





No. 

1 


C.C. 


Gr. C. 
3-43 


Si. 


Mn. 


S. 


P. 
1 115 


Holwell, 


014 


2-80 


0-60 


0-027 


j^ 




2 


010 


3-70 


3-47 


0-54 


0*025 


1 1-26 






3 


0-10 


3-71 


3-05 


64 . 


0*023 


1*22 






4 Foundry 


14 


3-61 


8-15 


0-60 


0*048 


1*11 






4 Forge 


0-25 


3-29 


2-70 


0-65 


0*051 


1*16 


^j 




6 


0-80 


2-93 


1-60 


0-60 


0-145 


1-17 






Mottled 


1-30 


2-90 


0-70 


0-66 


0-175 


1-14 


»t 




White 


3-10 


0-67 


1-12 


0-65 


0*240 


110 


Pig - iron fh)in 
Leicester ore only 


3 


0-83 


3-80 


2-74 


0-70 


0073 


0-90 




1 


0-22 


8-32 


•2-80 


80 


0*080 


1*37 




2 


0-14 


3-54 


2-75 


0-76 


0*040 


1*38 


Average composi- 
tions of a well- 
known Derby' 
shire brand, 


3 


0-06 


3-38 


2-70 


0-80 


0*060 


1*44 


4 Foundry 

4 Forge 

1 4 Grey forge 

Close forge 

Mottled 


0-50 
0-25 
0-44 
0-67 


2-98 
3-16 
8-06 
2-85 


2-30 
2 20 
1-90 
1-75 


0-85 
0-73 
0-58 
106 


0*090 
0*105 
0*115 
0*145 


1*43 
1*30 
1-40 
1-60 




1-08 


2-18 


0-80 


1-88 


0*165 


1-44 


' White 


3-10 


0-90 


0-60 


1-38 


0*180 


1*36 

about 
1-30 


Redboume series, . 






- 1 


Clarence seriei 


3, 






... 






about 
1*5 


Renishaw, 






008 


3 '30 


3-10 


0-31 


0*040 


1*60 


Parkgate, 
Staveley, 






0-40 


3-20 


2-60 


0-80 


0*020 


1-50 




... 


0-06 


3-40 


2-50 


1-10 


0-065 


1*30 


)} 




... 


014 


3 00 


3-60 


1-25 


0*048 


1*26 


Bestwood, 






0-12 


3-30 


2-90 


0*60 


085 


1-25 


Sheepbridge, 






0-07 


3-31 


8-10 


1-06 


0*055 


125 


Stanton, 






08 


8-60 


8 01 


0-40 


0*050 


1*22 


Frodingham, 






0-30 


3-20 


2-06 


1-00 


0*061 


1 20 


Scotch, . 






0-20 


3-60 


3 00 


1-30 


0*020 


0*71 


Carron, . 




i 


0*20 


3-60 


4-00 


2 00 


0012 


64 


Blaenavon, 




Siliceous 




1-75 


9-25 


0-45 


0108 


09 


^j 




Ordinary 


0-40 


8-65 


3-31 


1-47 


065 


0*84 


Staffordshire 




Phosphoric 


0-79 


2 04 


1-62 


0-97 


0-030 


1-45 


Staffordshire Dud 1 
Cold Blast, 1 




CO-72 
{ 0-45 


2-80 
8-30 


1-61 
1-26 


0-76 
112 


0*120 
070 


0-47 
0*56 




10-72 


2-15 


1-10 


1-08 


0110 


0*63 


Siliceous pig, 




NU 


2-60 


4-60 


1-39 


0*030 


1*12 
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StbeltMaking Hematite Irons. 



Name. 

East Coast. 
Ayresome, 

»» 

>> 
Seaton Carew, 

Thornaby, . 

West Coast, 

Oarnforth, 
Lowther, 
Harringtoti, . 
Millom, 
Ul version, 



No. 


C.C. 


Or. C. 


Si. 


Mil. 


S. 


P. 


1 Bessemer 


0*43 


3-40 


3*38 


1-40 


0-030 


0-046 


2 






3-50 


1-42 


024 


0-050 


3 „ 


0-80 


8-60 


3*10 


1-38 


0-023 


0-048 


1 


... 




3-18 


0-70 


0-014 


0-088 


2 „ 






3-36 


0-70 


0-020 


0-035 


3 ;, 






3-20 


0-70 


0-080 


0-034 


Bessemer 


... 




2-47 


1-32 


0-035 


0-050 


Bessemer 




... 


3-03 


0-72 


0-025 


0-035 


^ 






3-08 


0'36 


0-060 


0-050 


.J 




.!! 


2-84 


0-18 


0-030 


0-048 


t> 




... 


3-08 


0-72 


0-040 


0-052 


•1 






3-19 


0-32 


0-025 


0-040 



CHAPTER XXVII. 

BEFBAOTOBY MATEBIALS. 

The materials of construction for furnaces consist of those which are used 
primarily to take the weight of the erection, to establish its form, to hold it 
together or to a certain shape, but not necessarily to withstand the effects of 
ordinary furnace operations ; and, secondly, those which, while they may take 
certain weights and help in any or all of the functions mentioned, are 
primarily required not to give way under the conditions of furnace work, and 
hence are called refractory materials. The former are such as the ordinary 
builder uses with an eye to the comparatively high temperatures that even 
the outside portions of furnaces may attain, thus debarring, as a rule, the use 
of any easily combustible substance, and originally consisting mainly of 
masses of red bricks ; but for many years past these have been more and more 
replaced by iron work, cast-iron, wrought-iron, or mild steel, bolted or rivetted 
together. The ideal refractory material would withstand the high temperatures 
incident to the process without undue softening, the more or less great and 
rapid alternations of temperature without cracking, crumbling, or flaking off, 
the mechanical wearing action of fluids and solids in motion, the alteration in 
composition produced by oxidising or by reducing atmospheres, and the 
chemically scouring action of basic oxides, or of highly basic or highly acid 
slags. Refractory materials well known and much used in furnaces are fire- 
clay ; silica in its various forms, such as ganister, Dinas stone, flints or silica 
sand ; lime, and, more largely, calcined dolomite (lime and magnesia), and 
calcined magnesite (magnesia); carbon in various forms, such as charcoal, 
coke dust, plumbago (graphite or black lead) ; chromite (chrome iron ore) ; 
alumina ; oxides of iron ; and even metallic iron itself. All these materials 
may be grouped under the three heads of acid, basic, and neutral. Silica 
being the important acid in nature, all the acid group are more or less pure 
silica. The basic are more varied, as, for example, lime, calcined dolomite, 
magnesia, alumina, oxides of iron. The neutral group may be neutral, either 
because of their indifference to acid or to bases ; or because they consist of 
acid ai\d base combined in normal and satisfying quantities ; the latter are 
generally liable to be acted upon by another acid or another basic material. 
Thus, " burnt " fire-clay is more or less pure silicate of alumina or a combina- 
tion of the acid silica with the base alumina. Chromite is a compound of 
chromic acid with the base ferrous oxide ; while the various fonns of carbon are 
neutral because they have no affinity for either acid or base. 

Although refractoriness is a question of degree, in most cases it will be 
foimd that there is an essential standard of the process and then a standard 
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representing the highest attainment to date. Thus, a mixture of clays, such 
that they will not allow of one heat of a certain steel being properly melted 
and poured, is not a refractory mixture for that steel and process ; while if 
even one heat could be successfully negotiated the mixture would for that 
process be a refractory material ; further, the authors have known cases where, 
with machine-mixed clay and machine-made crucibles, this was considered 
sufficient for the rich alloys made. Again, crucibles of the Sheffield hand-and- 
foot worked mixture will withstand three, and sometimes four, heats of steel, 
provided the crucibles are not allowed to cool between the heats, and here the 
question of ideal and practical may be considered. In ideal definitions of 
refractories one of the points mentioned is that they must withstand sudden 
and considerable alternations of temperature without cracking or flaking off. 
In practice, the best compromise must be chosen, for this same Sheffield 
crucible worked up to stand severe handling at high temperatures, and to turn 
out the maximum number of rounds with the smallest percentage of runners 
(that is, heats that run through the crucible), and to have the minimum of evil 
effect on the steel, will not stand cooling to a black heat without cracking ; 
hence, the work is so arranged that it shall always be at a temperature above 
the cracking point. The materials mentioned generally have a higher 
softening or melting point the freer they are from impurities. Any substance 
added to an acid or a basic refractory which would tend to form a new 
silicate will make it more fusible, and, where mixed silicates are formed, the 
fusibility is still further increased for a given amount of impurity. Thus, 
silica present in magnesia is bad for the highest temperatures, and in dolomite 
is still worse, forming some silicate of magnesia in the one case and double 
silicate of lime and magnesia in the other. The presence of ferrous oxide in 
fire-clay is very injurious, for then a ferrous silicate is formed, and silicate of 
alumina is present ; while ferric oxide is not nearly so bad, for, unless converted 
to ferrous oxide, it does not combine with silica, and there is only the effect 
of its own fusibility. 

Similarly, lime is injurious to fire-clays, and potash and soda most 
injurious, owing to the great fusibility of the silicates of potash and soda. 
Lime added to siliceous refractories increases their fusibility, and more so in 
the presence of clay; yet lime is purposely added to pure ganister in the 
making of silica bricks ; for infusibility, though of great importance, is not the 
only point ; since the bricks must hold together until they are built into the 
furnace, and bind, not crumble, when put under the furnace temperature; 
hence the addition of lime to frit the particles together. In the case of fire- 
clays, the clay itself (hydrated silicate of alumina) is plastic when moistened, 
and a strong binding material, but very close in texture ; therefore, in the 
making of fire-bricks, in many cases, good sand or ganister is added to prevent 
cracking in drying while increasing the refractoriness. In the case of a 
moulding sand, which is an important refractory material (generally mainly 
silica sand), a certain amount of clay is necessary for binding ; but excess will 
injure the sand with regard to porosity ; and generally a " red " sand, that is, 
one in which each particle of quartz is roughened by a coating of red or brown 
oxide of iron, will take a good bind with a minimum of clay present. These 
general principles must be kept in view when examining each group in detail, 
and, particularly, when studying the different tables of figures to give them a 
living interest. 

Acid Befractories. — The acid group are mainly composed of silica, and 
are, in fact, more or less pure silica. According to Boudouard, pure silica 
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softens or practically fuses at 1830** C. As silica is the most important and 
most abundant constituent in the crust of the earth, it would seem that 
there should be no shortage of good acid refractories. Nor does any shortage 
appear likely. The accumulations of siliceous materials are, however, of 
very varying degrees of purity ; and as, in practice, it is found that in 
many cases the shapes of the particles and the character of their surfaces 
are also important, the deposits of the very highest order are more 
limited. Typical examples of the finest for all very high temperature needs 
arc found in the ganister of the Sheffield district or the Dinas stone of Wales, 
personally selected samples of the former from the best beds having been 
tested in several cases and given over 98 per cent, of SiOg. Near to these 
beds there are others of almost every grade of admixture with clayey 
material down to an argillaceous or clayey sandstone. The purest ganister, 
when viewed under the microscope, is seen to be composed of exceedingly 
small particles of quartz, cemented together by silica, which has itself 
crystalUsed as quartz, making a fine-grained pure and compact rock. This 
very feature is important in many of its applications, for it is the cause of the 
rock breaking up into sharp angular fragments, instead of pulverising into 
its . constituent rounder grains, as in an ordinary sandstone. These sharp 
angular fragments of varying sizes, from the largest used for the particular 
purpose to the finest powder when mixed with a small amount of clay and 
moistened, may be rammed round a pattern (as in rebuilding crucible holes or 
in lining a Bessemer converter) in a state almost like a liquid under the 
rammer ; so that no hole or joint is left, and still such that when the mould 
is drawn the sides keep their shape in a way that no rounded particles would 
do when moistened to the same consistency. In other circumstances the 
angular pieces of silica, however pure, woidd not suit the purpose ; and a white 
silica sand, such as Calais sand, almost entirely composed of rounded grains of 
quartz, must be used. For example, in forming the bottom or basin-shaped 
receptacle for the bath of an acid Siemens furnace many layers of sand are burnt 
on, one after the other, with the furnace at full heat ; and here the roimded 
particles are necessary, for by running down the sides in a way that the 
angular particles would not do, they give a solid bed with banks of the proper 
slope. In this case, also, the pure white sand is considered by many mclters 
to be too infusible, and is mixed with 5 per cent, or so of red sand, in order 
that the particles may be so fritted together as to stand the wash of the metal, 
and the rubbing of the tools, and, by binding more firmly, reduce the rising 
of portions of the bottom through the steel to a minimum. Calais sand is 
merely pure quartz particles not bound in any way. It has been seen that 
ganister consists of particles of quartz, cemented together by silica that has 
crystallised from one particle to the other. Other sandstones are found 
consisting of quartz particles bound together by more or less clay, and these 
are ground and made into grades of silica bricks, which gradually approach 
fire-bricks in appearance and in properties ; and, the percentage of injurious 
oxides being allowed for, may be said to be less refractory as the proportion 
of clay increases and they approach the composition of ordinary fire-bricks. 
Moulding sands, which have been already dealt with in detail, are but acid 
refractories of a special kind, being grains of quartz, each of which is coated 
usually with a thin layer of the brown oxide of iron, an excellent binding material 
itself, and giving a rough surface, so that a minimum of clay will give a good 
binding sand, and, for a given size of particles, thus give a maximum of porosity, 
clay being of such a close nature. In certain places, such as parts of Scotland, 
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flinto are the purest available siliceous material, and, as flints are composed of 
silica only partially crystalline, the material is so strong that it is too difficult 
to break or grind to the required fineness. The difficulty is overcome by 
heating the flinta to a high temperatiu-e and slacking them out in water, when 
the typical waxy appearance of the flint is destroyed and the material becomes 
white and brittle, and is easily ground for making into silica bricks. 

Basic. — Refractory materials being used in such large quantities it is 
naturally expected that they will be drawn from the common constituents 
of the earth's crust. We have already seen that the most abundant 
is silica, tJie acid of the metallurgist. The next in quantity are alumina, 
oxides of iron, lime and magnesia, potash and soda, sdl basic oxides found 
either free or in combination with silica or some other acid. Of these, 
alumina in a very impure form, as bauxite, oxides of iron in various forms, 
lime and magnesia as calcined dolomite or calcined magnesite are most important 
basic refractories ; alumina combined with silica and water forming clay is of 
world-wide distribution, while potash and soda are but dreaded impurities. 

The natural minerals magnesite (magnesium carbonate, MgCOg) and 
dolomite (magnesium carbonate and calcium carbonate in varying proportions, 
but tending to the formula MgC0g,CaC08) are calcined or heated to a high 
temperature to drive off the carbon dioxide, and yield respectively magnesia 
(MgO) and calcined dolomite (MgO,CaO), which are extensively used as basic 
refractory materials for the making of open hearth furnace bottoms and for 
the ramming up of Bessemer vessels for the basic process of steel manufacture. 
As these materials combine with water, and are thereby reduced to a powder, 
not only must they not be made into bricks by mixing with water, but they 
must be prevented, as far as possible, from absorbing water from the air. 
They are, therefore, mixed with anhydrous tar, and ground in a mill while 
hot, pressed or rammed into the desired shapes, and consolidated by heating 
in as reducing an atmosphere as possible. This process leaves a carbonaceous 
binding material, which acts as a fairly efficient protection from the influence 
of moisture for a convenient period ; and the high temperature produces all the 
contraction and admits of the bricks or other forms being fitted into place. 
As might be expected, the magnesia wears longer in the furnace ; but being, 
in Great Britain at least, much more expensive, the dolomite is more 
extensively used, although the authors have recently been informed by some 
founders that they find the greater durability of the magnesia in their work 
more than compensates them for its extra price. Quite recently magnesia 
has been treated at high temperatures, principally by electrical means, until 
it has become highly crystalline, and the authors have been much interested 
in experimenting with a sample presented to them for the purpose by 
Mr H. G. Turner. Kept in water for several months it showed no sign of 
change, and it has also been successfuDy used in the Sheffield University 
Metallurgical Department for lining plumbago crucibles so as to manufacture 
low carbon and silicon, but high manganese, alloys with iron for research 
purposes. 

J^eutraL — Of the refractory materials which may be considered as neutral, 
because of their consisting of base satisfied with acid, the greatest example, 
whether as to quantity, universal distribution, or importance, is clay. Clay is 
a combination of alumina with silica and with water, forming a hydrated 
silicate of alumina, and the insistance of the term hydrated to indicate its 
chemical nature has no pedantic origin, for the presence of water of hydra- 
tion is, in some way, the cause of the valuable plastic property of clay. 

Of THE 

UNIVERSITY 



232 GKKERAL FOUNDRY PRACTICB 

PLafdic clay, vlum flri^d, umy Vie eaaWy reduced to an impalpable powxier, 
and, whiffi dried Wi carefully tliat all luomture or uncombined water is driT^i 
off, it ii\fi¥Mm water a^aiii (jti tmjtiu^ and l>ecomeH once more plastic ; while, if 
once it Ije heaterl Ui a red heat, Mr> tliat all the combined water or water rf 
hydratir^ in driven (Af^ then it Viecomei* "burnt clay " ; and^ although reduced 
to an imfialpable powder and mixed with water, it will not again becooie 
plantic ; m<ireriver, tiiere w no known meauM of making it combine with water 
af^n. Pure Hilieate (A alumina of the formula Al20j,2Si()2, representinir W 
per cent. HiOg and 46 per cent. AljOg, hau a melting point of 1830" C, aooordine 
to Boudouarrl, aud^ although thin in the 8ame numl>er h» he gives for pore 
Hilica, the latter w more easily obtained in a state of purity ; and the imparities 
in the fcjrmer, as acting on a silicate, have greater effect in lowering the fusioD 
point. Recent rewiarches are tending to make more exact our general practical 
knowledge of the effects of the different impurities in varying amounts oo the 
fusibility of burnt clay, and the practical fact remains that the fire-clays obtain- 
able will not withstaiid steel-melting temperatures in the open hearth furnace, 
and that for the nxifs of all, and for the l)ed in acid work, nearly pure silica is 
used. The influence of the alkalies potash and soda is probably the most 
potent for evil, since, unlike the acid materials, in no case do we require the 
clay to V>e more fusible for practical work, excluding, of course, the making 
of more and more fusible mixtunm in the manufacture of the useful Seger 
cones for pyrometric work. Hut the fear of the influence of potash and soda 
has led some to overstate the cam?, and say that quantities almost unattainably 
low are necessary, and should Ikj sp<jcified, or \md bricks will result. The 
Glenboig bricks, which are generally acknowledged to be among the finest 
fire-bricks in the country, are known to contain alxnit 0*7 per cent of potash 
and soda ; while in a series of preliminary tests made by an old student for 
the selection of one from three of the Ixjst natural clays procurable, Stour- 
bridge, the lowest of the series, gave 0*65 per cent, of the alkalies, and samples 
heated in a cnicible in the c^>ke holes, and containing 2 per cent., stood well 
up to 1200' C, without sign of forming porcelain, and not till 3 per cent, was 
reached did the test entirely break down at this temperature. A minimum of 
these materials is desired ; but as what is wanted cannot always be obtained at 
the price available for its purchase, it is always well to know at least the order 
of the quantities that would l>e injurious in ordinary work. Lime, and ferrous 
oxide, are also objectionable Ixjcause of their forming fusible double silicates ; 
but their exact influence in certain quantities is not yet suflBciently well known 
to enable definite pronoimcements to l>o made, and we must obtain general 
ideas from the known tendencicm of those materials as given here, carefully 
study the amounts found in clays known to give excellent results, and then set 
aside and rigidly investigate any case of failure or extra specially good wear. 
An interesting case came under notice recently of good and bad stoppers and 
nozzles used in a 2-ton ladle for distributing mild open hearth steel. The 
stopper and nozzle were found to soften sufficiently during the teeming just 
to stick together ; consequently, before the end of the pouring, the stopper had 
changed in shape so much that it would no longer fit the nozzle or a piece 
actually pulled off the stopper end. Stopper ends from another firm were tried, 
but they pressed into the nozzles, and, finally, this second firm supplied nozzles 
also, and excellent results followed. The bad stopper was carefully analysed, 
and it was shown to contain SiO.^, 527 ; AljOj, 35*2 ; Fe^Og, 4*4 ; FeO, 1*8 ; CaO, 
1-2 ; MgO, 0-3 ; NagO + KgO, 25 ; MnO, 01 ; PjO^, 0*5 ; loss on ignition, 0*3 ; 
showing nothing so very bad in any one item, but each deleterious impurity 
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high, 80 that the total reaches 10-3 per cent. The good stopper was examined 
sufficiently to show that it was fairly normal with SiOg, 54*0 ; AlgOj, 40 ; Fe^Oj, 
2-6 ; FeO, 05 ; CaO + MgO, 0*8 ; and, assummg the Na^O + K^O to be 1 per 
cent., there is a total of deleterious matter of 5 per cent. These two examples 
are sufficiently interesting in themselves, as the bad were only sufficiently so 
to give a dribbling stopper, and they are also good examples of the kind of 
thing that should be thoroughly investigated when it arises. 

It will be obvious that fire-bricks must be set in fire-clay, for, with ordinary 
mortar of lime and sand a fusible double silicate of lime and alumina would 
be formed, and their life would thus be short; the ordinary life has been 
known to be much reduced by the too liberal use of mortar in the red brick 
course behind the fire-brick lining. Common red bricks used In too hot a part 
of an air furnace flue were found (on inspection to find the cause of unsatis- 
factory working) to have formed a hanging curtain of beautiful, but draught- 
destroying, stalactites. 

In making clay crucibles, as the plastic clay contracts very considerably on 
drying, generally some non-plastic material is mixed with the clay. For 
experimental purposes the old two-thirds burnt one-third raw formula of the 
Royal School of Mines answers well, but for the manufacture of crucibles to 
stand the highest temperatures of coke steel melting (a temperature which 
just softens all ordinary clays) an admixture of another of the neutral 
materials, carbon In the form of best quality coke dust Is used ; and while the 
clay portion of the crucible Is soft, the coke being quite hard acts as a 
kind of framework or skeleton, and enables the crucible to keep Its shape 
throughout the day. This Is very beautifully shown, If either accidentally, or 
purposely, for an experiment, a little air Is allowed to strike the mouth of the 
pot during the 12 or 14 hours annealing, so that the coke Is burnt out, then 
that portion gets all out of shape during the working, and. If the air has 
entered the annealing furnace fairly freely, the usually beautifully shaped pot 
becomes a wretched looking object, and these shapeless portions, when broken 
cold, are always found to be white and porcellanous, showing that the carbon 
has been burnt out ; while the shapely parts give a black fracture. Indicating 
that the coke dust, the skeleton, still remains. The other neutral material of 
this class, namely, acid and base combined, known as chromlte, or chrome Iron 
ore. Is essentially a ferrous chromate (FeO,Cr203), and, all things considered, Is 
probably the most refractory material known. It withstands a very high 
temperature. Is not affected by an oxidising, and not much by a reducing, 
atmosphere under ordinary furnace conditions; It withstands the wash of acid 
slags or basic oxides. Its high price and the fact that It has no binding 
properties are against Its extended adoption ; but, as an example of Its special 
utility. It Is often used as a parting between the basic hearth and the acid roof 
of a basic Siemens furnace. 

Of carbon In Its various forms as a neutral refractory material much might 
be said. A typical use of coke dust has already been given. Coke bricks are 
being used for the hearths of blast furnaces. Charcoal Is made Into a brasque 
or Inside coating for experimental crucibles; and In one of Its crystallised 
forms, plumbago. It Is used In admixture with about an equal weight of good 
fire-clay In the manufacture of graphite or plumbago crucibles. 

Plumbago In powder, or as the familiar black lead, appears as a facing for 
moulds. So far as Its refractory properties are concerned. Its melting or even 
softening point Is outside the range of ordinary furnace operations. In the 
case of coke It Is hard, and will stand abrasion ; but, either as charcoal or 
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plumbago, it is exceedingly soft, and, as in experimental brasques, must 
scarcely be touched, or, as in the plumbago crucibles, must be supported by 
fire-clay ; and even then any necessary stirring should be done with caution. 
Seldom in works experience need complaint be made of articles being too 
goodf but in their practice the authors have met something like it at least. 
For the making of a very special alloy, vigorous stirring was deemed necessary 
after the mixture was melted. Two firms were asked to quote for crucibles, 
and several lots ordered from each ; but the crucibles of the firm with the 
greater name never anything like equalled those of the other in numbers of 
heats turned out. This curious result led us to examine the two carefully, and, 
while they were much the same in texture and in the nature of clay used, those 
which lasted the better only differed (so far as was determined) by having more 
than the usual 50 per cent, or so of clayey material, which is much the cheaper 
substance ; this is another example of the fact that not the dearest, but the 
material best suited for its work is the best, while it also shows the saving 
that even firms of the highest repute may make by careful experiment. 
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The last two are given for comparison with really refractory materials. 
As showing how electrical products are coming into use, carborundum fire sand, 
an amorphous form of carbide of silicon, is being sold for patching and even 
for lining cupolas, ladles, etc. 



CHAPTER XXVIII. 

FTTELS AND FUBNAGES. 

Various forms of furnaces are used for preparing the metals or alloys and for 
raising them to a temperature sufficiently above their melting points to make 
it practicable to transfer them to the moulds and pour them at a temperature 
to permit of the making of good castings. The crucible, the reverberatory 
or air furnace, and the Siemens regenerative open hearth, the cupola and 
the Bessemer converter with its modifications the Robert and Tropenas, are 
the principal types of furnaces used in the foundry for the production of the 
molten metal. Cast-iron in its molten state, taken direct from the blast furnace 
or from a mixer to the foundry in a ladle, and known as direct metal, is 
now much used where the two plants can be placed conveniently near to one 
another ; but the blast furnace is not yet generally claimed to belong to the 
foundry, and will not be considered in this work, especially as it is dealt with 
in detail in Prof. Turner's volume on iron in this series. 

Also this chapter is only general, dealing mainly with principles, to enable 
those in the foundry to understand the methods by which the metals they use 
are produced ; and varieties of each type of furnace, with elaborate details and in 
most cases working drawings to scale, may be found in Harbord's volume on 
steel in this series. 

It is helpful to consider these furnaces as falling under four types : — 

1. Those in which the metal or mixture of metallic substances is enclosed 
in a refractory vessel, as in the various kinds of crucible furnaces, the 
enclosing vessel or crucible being surrounded by the fuel in the coke-fired 
furnaces, but only by the products of combustion in the gas- or oil-fired 
furnaces. 

2. Those furnaces in which the metals are heated on a separate hearth and 
only the products of combustion reach the metal or the slag floating on its 
surface, as in the ordinary reverberatory or air-furnace of the brass or iron 
foundry ; or in the Siemens open hearth, used either in the place of an air 
furnace merely to melt the charge, with, generally, a minimum of alteration in 
its composition ; or, as in the manufacture of steel, for melting followed by 
alterations in composition purposely made by the oxidising or purifying 

. influence of additions, generally of oxide (ore) to the slag, and continued imtil 
the desired composition has been reached. 

3. The cupola type, where the fuel and the metal are in contact. 

4. Those furnaces in which, starting from a fairly high initial temperature, 
the composition of the charge is altered and the necessary additional heat is 
obtained by the oxidation or burning of one or more of the constituents of the 
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metal itself, by means of a blast of air forced through the molten metal or 
impinged upon its surface. This is the underlying principle of the Bessemer 
and such modifications as the Robert converter for side blowing and the 
Tropenas for surface blowing. 

1. CBUGIBLE FTJENACES.— Sections and a plan of different kinds of solid 
fuel crucible furnaces are shown. They all act on substantially the same general 
principles, and, in construction and working, differ only in details. In nearly 
all cases the draught is obtained by means of a chimney stack, only rarely 
supplemented by forced draught underneath the grate. The small assay 
fumac«, fig. 186, and the ono-pot hole for brass and German silver melting, fig. 

187, are shown in section, while 
the two-pot hole for steel melting, 
fig. 188, is shown in section and 
in plan. The air drawn in by 
moans of the chimney draught 
is admitted under the fire bars. 
This air is cold, and when it 
impinges on the hot fuel over 
the bars, although by its com- 
bination with the carbon of the 
coke a great quantity of heat is 
produced, naturally the maxi- 
mum temperature is not im- 
mediately reached, and hence 
the first point in all crucible 
work is to raise the crucible 
above the level of the bars so 
that metal when melted may be 
within the region of maximum 
heat. It will also be obvious 
that as the air drawn in moves 
along the path of least resistance, 
the actual burning away of the 
fuel tends to produce vacant 
places and natural arches, and 
these again would admit com- 
paratively cold air, which, im- 
pinging on the crucible, would 
lower the temperature ; hence, 
these spaces must be broken 
up by poking the fuel down 
from above. Judgment must be gained and used in this matter, as the 
steady rise of temperature would be interfered with by the too frequent 
removal of the cover of the furnace. Another point follows from this, that 
the best qualities of crucible cokes for the highest temperatures, although 
of a considerable hardness and of a quality by analysis equal or even superior 
to cupola or blast furnace coke, must be more brittle and break more easily 
when struck with the poker. This important point may best be seen by 
comparing two cokes of columnar structure, one suitable for blast furnace 
or for cupola work and the other for crucible steel melting; the smallest 
columns of the former are very much larger than those of the latter. The 
authors have used cupola coke for crucible work during a strike, but 
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great care must be exercised with it, as, not only does it require more 
labour to break it to suitable sizes for charging, but when in the furnaces, 
instead of breaking when poked down and filling up the spaces, it has 
a tendency, owing to its great strength, to go through the side of the 
crucible. 

In a small assay or experimental furnace, fig. 186, the draught is regulated 
by a damper in the flue above the furnace and by a door in the ashpit. In 
one-pot holes for brass, German silver, malleable cast-iron, etc., fig. 187, the 
draught, as a rule, is only regulated by the general design of the furnace, and, 
if too keen, eased off by having the cover of the furnace more or less open at 
the top by tilting by means of a fire-brick or more often a piece of coke ; the 
loss of power thus caused by drawing air through this opening direct to the 
chimney through the small flue leaving less power to pull the air from below 
the fire bars through the cokes. As cold coke must be added on the top to 
replenish loss by burning, for melting processes requiring high temperatures 




Fio. 187.— One- Pot Hole for Brass or German Silver. 

the coke is added to several inches above the lids of the pots or crucibles, in 
order that it may be partly heated by the ascending gases before it reaches 
any metal level in the crucibles. A series of crucible furnaces may be joined 
up to a large stack at one end, say twelve holes in one stack, but naturally 
the furnace nearest' the stack draws best, and the one at the tail end worst, and 
it is not always convenient to arrange the melting points or the weights of the 
charges to suit. The arrangement may thus be convenient for college assay 
or experimental furnaces, where different strengths of draught are desirable ; 
but, at the best, for commercial work it is troublesome. Sometimes four or 
six holes have flues leading to a stack on the centre line, in plan like a runner 
and sprues, and this gives a more even range. The best method is, however, 
to have an independent flue and chimney for each hole, the several stacks 
being built in a general wall for say twelve or any convenient number of 
holes ; the authors, having at different times worked holes for brass, German 
silver, cast-iron, and steel on all three plans, unhesitatingly recommend the 
last plan for particular work as the one in which the individual care necessary 
for the special character of crucible melting can be given to each pot with the 
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least anxiety and the greatest certainty of success. The influence of the 
process of melting on the quality of the metal, as distinct from the influence 
of the chemical composition as ordinarily determined, is one of those matters 
of a type already mentioned that science is endeavouring to solve satisfactorily, 
and there is much difference of opinion, neither theoretical nor practical men 
being agreed among themselves. When all the processes have been considered, 
it will be seen that the coke crucible furnace is the only remelting furnace 
in which the operation is conducted under reducing conditions. As oxygen 
in most metal is dreaded because of its evil effect, and because of the diffi- 
culties involved in the estimation and therefore in the watching of it, the coke 
crucible furnace has a grea^ advantage. This very advantage brings in its 
train a disadvantage, for, as all crucibles exhibit a considerable degree of por- 
osity, if the sulphur in the coke be high, there is a decided increase of sulphur 
in the metal. The changes in steel in the crucibles will be dealt with in the 
chapter on steel, but even in German silver the same trouble is experienced. 
Keeping a strict watch on the sulphur in the coke, the crucible process is 
capable of producing metal unsurpassed where its extra cost does not debar 
its use ; and^ for special work, it is still used, as it has the further advantage 
that with the small charges, special compositions for series of castings can be 
melted and poured at their most suitable temperatures, a difficult matter 
to arrange for small work where a 2- to 5-ton charge is ready at one time. 
Crucibles for brass in one-pot holes vary from 30 lbs. to 600 lbs. per round, 
the larger sizes being drawn by hydraulic cranes. 

The question naturally arises, "Why use coke for crucible worki" 
A trial in an experimental furnace with a charge requiring a high temperature 
to melt it, is convincing enough. Some ordinary coals, when heated, become 
almost seinifluid and weld into one mass, and are thus known as caking coals, 
the variety most generally used for making coke by heating them until all 
volatile matter is driven off*. Other coals again, when heated, have a large 
quantity of volatile matter driven off*, but the particles do not coalesce ; they 
remain as separate pieces. These are spoken of as dry, free burning, or non- 
caking coals. The caking coals are obviously unfit for crucible furnaces, as 
they would at once choke up the draught. Consider even the non-caking 
coals, and their unsuitability will be seen. When charged on the top of the 
fire not only must they be heated up to the required temperature, but also a 
certain amount of heat is tised in driving off" the volatile matters, and these 
precious volatile matters are merely sent up the fltxe. This very fact means 
also that a greater weight of coal than of coke must be used, and the simple 
cooling effect of this larger weight is greater. In the case of the coke, volatile 
matter has already been driven off", and in modem plants turned to account, 
and the coke only needs to be simply heated up to become active in giving 
out heat by combustion. The table of natural fuels indicates that anthracite 
might almost be looked upon as Nature's slowly formed coke, for the volatile 
matter is often as low as 5 per cent., and this fuel is, as a matter of experience, 
very useful under some circumstances for certain high temperature crucible 
work, and is much used in America for cupola melting. The authors have, 
however, used Scotch splint coal with success in the melting of such compara- 
tively low temperature alloys as yellow brasses, because, although the cost of 
fuel was increased, the crucibles lasted longer with the coal than with the 
local coke, and the balance was foimd to be slightly on the right side. With 
the above guiding principles each case can be considered on its merits with 
the economic and other conditions prevailing, but it may be assumed that the 
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highest temperatures cannot be obtained in solid fuel cnicible melting with 
much volatile matter in the fuel. 

In the assay and square built one-pot holes for brass, malleable iron, etc., 
the refractory lining is fire-brick set in fire-clay, with as close joints as possible. 
The two-pot steel melting crucible hole, fig. 188, has the outer rectangular 
built in with 9-inch 




firestones, and then the hole 
is shaped round a ramming 
block about 2 feet x 1 foot 
6 inches x 3 feet deep. The 
draught is regulated by taking 
out one or more of the loose 
bricks in the stack under the 
level of the bars, if the draught 
is too keen ; or putting them 
in, if too slow; and, if the 
very keenest is required, then 
a piece of paper is quickly 
thnist over the loose bricks 
and the pull of the stack 
holds it there firmly. Both 
these last forms are shown 
with the top of the holes 
level with the floor, and this, 
nearly always the best and 
safest arrangement, is always 
adopted for steel melting. 
In the case of the other form 
sometimes the holes are built 
so that the top comes about 
a foot above the floor level, 
perhaps to save a little ex- 
cavation and to enable the 
men more easily to lift up 
the grating and get down to 
the bars. We have, however, 
a very decided preference for 
the tops being on a level 
with the floor. 

2. THEAIBFUBNAGE. 
— The general structure of 
the air furnace will be seen 
from the drawing, fig. 189. 
It is a reverberatory furnace, 
generally with a curiously 
double-arched roof, so that 
the roof dips very much in the centre. This throws the flame down on the 
pig and scrap, and probably tends thus to minimise the amount of oxidation 
in the metal. Some of the heat of the waste gases is utilised for heating the 
cold pig, which is placed on the gentle slope of the l)ed between the melting 
hearth and the bottom of the stack ; thus the iron as it melts trickles down 
and forms a bath. The most suitable fuel is coal, giving a long flame and a 
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dry ash which does* not clinker the bars. It is burnt on the fire grate, and 
the bridge between the grate and the melting chamber enables a fairly deep 
fire to be kept, which prevents the entrance of excess of air to cool the 
melting chamber. This forms a rudimentary gas producer, the principle of 
which will be explained later in this chapter; and the combustible gases 
formed, together with the volatile matters, give a flame of almost any desired 
length, which, taking its direction from the roof, reverberates on or near to 
the surface of the charge before making its way to the base of the stack. 

Air furnaces vary in capacity from J cwt. upwards. As a rule, the bed, 
sides, bridge, and roof are built in of good fire-brick, which may be repaired 
with ganister or fire-clay as the furnace wears. In certain cases the bed may 
be formed by ramming a layer of refractory sand on the bricks. In every 
case the bed must drain to the tap hole. 

As a melting furnace, the reverberatory is slow, and has a high fuel con- 
simiption, varying from 10 to 20 cwte. of coal per ton of iron melted ; but these 
features are of secondary moment, for these furnaces are only used for special 
qualities of metal, as for the production of special quality cylinder iron, chilled 
rolls, and iron for malleable castings. In the brass foundry these furnaces 
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Fio. 189.— Air Furnace. 

are extensively employed for the production of larger quantities of alloys, and 
for this purpose are extremely satisfactory. 

In British practice air furnaces are usually worked by natural draught, 
but forced draught or induced (steam jet) draught may be used, a plan 
followed in American malleable foundries. 

With natural draught or intennittent work it follows that, as a " melter," 
the air furnace cannot compete with the cupola in cost, but it can and does 
exceed it in point of quality of product. This is due to the fact that the 
atmosphere of the cupola is under less control than that of the air ftimace. 
In the latter, a neutral, oxidising, and, with careful work, even a reducing 
flame may be maintained, that is, from a bright, clear, and cutting flame to a 
smoky flame. With the former, every portion of the furnace is visible, and it 
indicates an excess of air which means an oxidising atmosphere. If, under 
these conditions, the furnace contains a bath of brass, the oxygen will actively 
attack the alloy, uniting in the first place with the volatile zinc, to form oxide 
of zinc, which is carried on with the products of combustion, and, in the second 
place, with copper, to form oxide of copper, which remains in solution in the 
bath of metal on which it has a decisive effect. 

If, on the other hand, the furnace contains a bath of molten cast-iron, the 
effect of an oxidising flame would be in the main to oxidise silicon and 
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manganese. The direct value of this is that the flame may be varied at will, 
and, in the case of iron, samples are taken, cast in chill or sand moulds, and 
from an examination of the fractures, further treatment is decided. Thus, if 
the bath is intended for a chill, and the chill on the test sample is too deep, 
then grey pig or ferro-silicon may be added to reduce the depth of the chill. 
If, as is more probable, the sample shows too little chill, the bath is held in 
hand until some of its silicon has been oxidised out. Similar control is offered 
in the case of iron for malleable castings. 

With gun-metals, brasses, or bronzes the furnaces must, of necessity, be 
worked with a smoky flame, which means high fuel consumption. As an 
illustration, a charge of yellow brass can be completely " dezincified " by means 
of a clear flame, a bath of molten copper collecting, and the zinc being drawn 
tip the stack, as oxide, imless means are taken to collect the white oxide in 
the flues. Therefore, excessive fuel economies with this class of alloys mean 
metal losses in the furnace, and coal is cheaper than zinc. This does not imply 
that one need be necessarily extravagant in the matter of fuel, but simply 
indicates that the atmosphere must be maintained in a condition suitable to 
the material being melted. 

The average consumption in a series of air furnaces, varying from 2 tons 
up to 20 tons, is about | cwt. of coal per cwt. of alloy melted under the most 
suitable conditions of melting. The average metallic loss cannot be exactly 
stated, but it is in the neighbourhood of 5 per cent. This loss is chiefly zinc, 
and will be referred to in detail in the chapter on alloys. 

Taking the smaller furnace, 2 tons, an average of two years* intermittent 
working gave 81*7 lbs. of coal per cwt. of alloy, and during the period the 
alloys were melted at an average rate of 1 cwt. in 1 1 J minutes. Coke-fired 
crucible furnaces melting similar grades of alloys, in crucibles varying from 
100 to 300 lbs. capacity, consumed 86*3 lbs. of coke per cwt. of alloy melted. 
Both these figures could be reduced if one type of alloy only were melted, and 
then always in uniform weights ; but it will be noted that the crucible furnaces 
take 100 to 300 lb. pots, which, in the lower weight, means excess of fuel. 
Similarly, in the period imder observation, the air furnace charges varied from 
10 cwts. up to 40 cwts., the latter giving a lower ratio than the average and 
the former a higher one. It must also be noted that the authors' pi-actice has 
always been to melt " hot," their experience leading to the conclusion that it 
is cheaper to regard the quality of the alloy than the amount of fuel consumed 
in melting it. 

Under ordinary conditions, the air furnace cannot l)e worked continuously, 
for heavy chill rolls or large brass castings are only produced at intervals of 
days, or weeks, as the case may be. In malleable foimdries, where three or 
four heats may be taken off each day, advantage is taken of the accumulated 
heat in the furnace from first heats onward, and the fuel costs correspondingly 
decrease. Similarly, brass foundries, working with small air furnaces of J to 
2 cwts. capacity, with natural draught, give fuel ratios much lower than the 
crucible furnace, and, in addition, there is the saving which results from the 
elimination of the crucibles. In this case, immediately after tapping, the 
furnace is recharged, and the heat of the previous charge thereby utilised. 
The lines of the ordinary air furnace reduced to the small capacity required 
give an exceedingly good melting furnace. It should, how^ever, be noted that 
the shanks must be exceedingly hot. 

Begulating the Draught. — Owing to the fact that an air furnace is 
worked with a long flame, sliding metal dampers in the flues are useless, as 
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thej inevitably warp and jam. The best method is to fit the ash-pit with 
doors which open outwards and can thus be readily adjusted to regulate the 
current of air. When working with a smoky flame, on opening the fire doors 
the atmosphere of the melting chamber clears, and the metal may be examined 
through the sight hole, a convenient sight hole being formed by a small hole 
through the side, plugged with a loose brick, and the joints seamed with wet 
sand. 

The top of an air furnace may be removable in sections for introducing 
large waster castings or scrap difiScult to break. 

Ghaigmg Hot or Cold. — The authors' experience on furnaces inter- 
mittently worked is that the result for any one heat, starting with the 
furnace cold, is the same in either case, and it is much more convenient to 
charge the furnace when cold. In melting to composition, copper and any 
scrap are charged first, and, when nearly melted, the requisite amount of tin 
is added, which will quickly take the mass down to a liquid state. Zinc 
should never be added until the other constituents are molten, as it can 
then be plunged below the surface, and oxidation losses to some extent 
reduced. 

8. THE SIEMENS FUBNACE.— The Siemens open hearth furnace em- 
bodies a new principle on those already considered. It is obvious that the 
gaseous products of combustion leaving a furnace must be as hot as or hotter 
than the place they are heating up. In the crucible furnace, during a small 
fraction of the time of melting, a small portion of the heat of the gases is 
given to the cold coke add^ ; in the air furnace the hot gases from the 
melting chamber are partly used to heat up cold pigs; in the cupola the 
hot gases from the melting zone give up some of their heat to the cold charge 
above before they escape ; but in all these cases the gases leave the furnace 
at. high temperatures. In the original form of the Siemens furnace used 
principally for steel-melting temperatures, a systematic arrangement is made 
for storing the heat of the furnace gases for use, in two pairs of separate 
chambers of refractory brick checker work, which are so built that the 
extremely hot gases from the melting chamber may leave their excess heat in 
one chamber of each pair before passing to the chimney at a temperature 
merely high enough to keep up the necessary draught ; while from the other 
member of one of the pairs the cold air absorbs heat previously left by the 
products of combustion, and from the other meml)er of the second pair the 
producer gas also absorbs heat, so that air and producer gases both enter the 
furnace at a high temperature. One set of checkers will thus be gradually 
rising in temperature, while the other is falling. By suitable valves the 
whole direction of these currents is reversed, and the cooler chambers are now 
ready to absorb heat easily from the gases, while the hotter ones are ready to 
heat the incoming air and gas. The most suitable length of time between 
reversals for a given type of work is found by experience, and for steel-melting 
is about twenty minutes. This is known as the Siemens regenerative principle, 
and the chambers of checker work are known as regenerators or recuperators, 
although it will be fairly clear from their action that heat accumulators would 
be the best, as it is certainly the most accurately descriptive term to use, for 
they merely act by storing up or accumulating the excess of heat between 
that necessarily in the gases as they come from the furnace and that required 
for producing the pull in the stack. Having accumulated this heat they give 
it up again to the comparatively cold air and gas before they enter the 
furnace ; and thus, when these combine and convert their potential chemical 
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energy into the heat form, the heat is not required to raise the whole of the 
gases from a low temperature, but only from, say, a bright orange or yellow ; 
so that there is evidently more heat to spare for raising the charge and the 
furnace to the desired temperature and maintaining them at the degrees of 
heat required during the working of the charge. The uninitiated seem to have 
no difficulty in understanding the manufacture of ordinary illuminating gas 
where the coal is subjected to a high temperature in a closed vessel and the 
volatile gases driven off, cleaned, and used for illumination, while a residue of 
coke or " Fixed Carbon " is left, but find it not so easy to see how in a gas 
producer the whole of the combustible part of the fuel, volatile and fixed, 
may be converted into gaseous fuel. The simplest way to consider the action 
is to think of gas producers as being merely deep fires with more or less 
elaborate details for convenience and economy in working. In the Duff 
producer, shown in figs. 190 
and 191, the draught (as is 
generally the case), is obtained 
by a high-pressure steam in- 
jector, the high-pressure steam 
issuing from a fine nozzle, 
drawing air with it; hence, it 
is spoken of as an induced 
draught. The oxygen of the 
air meeting the hot solid carbon 
above the grate combines with 
it to form the gas carbon di- 
oxide, and much heat is evolved 
(C -f. Og = COg). This gas is not 
combustible, but at the high 
temperature produced it com- 
bines with more solid carbon 
to form carbon monoxide and 
heat is absorbed, but a com- 
bustible gas is produced which is 
still very hot, C02 + C = 2CO. 
Besides oxygen passing in we 
have nitrogen of the air, and 
the steam used for giving the pressure of air. The nitrogen is merely a 
carrier, and takes no part in the chemical action, but it shares the result, as 
the heat evolved must heat up all the gases present. The steam, however, 
does act on the carbon of the hot coke, and there is again an absorption of 
heat, but two combustible gases, carbon monoxide and hydrogen, are formed, 
C + HjO = CO + Hg. Thus, there are carbon monoxide, hydrogen, and nitrogen 
still at a fairly high temperature, and these hot gases now pass through the 
upper layers of the fire, and meeting the undecomposed coal drive off its 
volatile matter, mainly complicated series of hydrocarbons, which, for 
simplicity, we have put down as marsh gas (CH^). The distillation absorbs 
some more heat, but, again, we gain more combustible gas. Among these 
hydrocarbons are some which, if cooled, would produce ordinary tarry matter. 
In the original Siemens design the gases were purposely cooled down, and by 
that means the sensible heat was lost, together with the tarry matters, which, 
to the present day, give some little trouble by condensing in the flues and 
valves. In the new form, the producer gas, consisting of CO, H, N, CH^, and 
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Other hydrocarbons, and a small proportion of COg (as the conversion to CO 
is never perfect), passes direct into the furnace with all its sensible heat, and 
holding the tarry matters in a state of vapour. It is evident that only one 
pair of checkers as accumulators is needed, because the gas is taken direct 
into the furnace, and, the steam supply being regulated to give the desired 
flame, -the depth of the fire is so regulated that the top of the producer is kept 
at a nice even red (about 800* C), as seen through the potter holes at the top ; 

while in the old form, 
as the sensible heat is 
lost, the top of the 
producer is kept com- 
paratively cool. As in 
crucible work, so here, 
the air in making its way 
through the fire tends 
to bum out cavities 
and form natural 
arches, which must be 
broken up by working 
a potter or long poker 
bar from above and in 
some cases from side 
potter holes also. It 
will thus be seen that 
practically all the com- 
bustible material may 
be converted into gas, 
but the ash or mineral 
matter remains either 
loose or partly fused 
into clinker. In some forms of producer, in which the fire rests on fire bars, 
the ash or clinker is removed every 24 hours or so. This is managed by 
stopping the blast, opening the air-tight doors near the bars, driving in flat 
false bars a few inches above the ordinp^ry bars till they rest on a ledge at the 
back. The ordinary bars are then taken out, the ashes or clinker raked out, 
the ordinary bars replaced, the false bars withdrawn, the doors closed and 
wedged tight, the fire poked down, and the blast turned on again. The Duff* 
producer shown in figs. 190 and 191 is w^hat is known as a continuous form, in 
which the l)ottom of the producer is closed by a water seal formed by the water 
in the trough, and the ashes or clinker may be raked out from the water at 
any time without stopping the making of gas. The special feature of the Duff" 
is the peculiar form of the grid used as a grate, which distributes the air and 
steam evenly through the mass of the fuel. Gas producers not only yield gas 
for melting purposes, but also for almost any other operation requiring heat, 
such as drying ladles and the heating of drying stoves for moulds. The section 
of the Siemens open hearth furnace, shown in fig. 192, is the old Sheffield 
Technical School furnace, designed by Mr. B. H. Thwaite, C.E., according to 
Prof. Arnold's general instructions, and used for the training of students. 
Although 20-ton charges for castings and 50 tons for ingots are common 
enough to-day, it will show the adaptability of the process that charges of 1 3 to 
25 cwts. of all kinds of open hearth steel were made in it with complete 
success, and the three most interested spectators of its working were three 




Fio. 191.— The Duff Gas Producer. 
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American managers of the leviathan furnaces of the day, who saw a 13-cwt. 
heat finished and poured. There is no doubt that the type would work well 
up to 5 tons at least. The producer was placed near the furnace, and worked 
with a hot top, like the new-form Siemens, so that only one pair of heat 
accumulators was needed, for, the gas being hot, only the air had to be 
heated. The air was brought in under pressure, as the special circumstances 
did not admit of a stack being erected. The section is introduced here, as the 




Fio. 192. — Thwaite Open Hearth Furnace. 

furnace gave every satisfaction in practical working, and, if carefully studied, 
it shows more clearly and simply than any other design what is meant by a 
furnace working on the Siemens regenerative principle. Anyone wishing 
details of the varieties of larger forms must consult special works on the 
subject, such as those by Harboi-d or Campbell. 

This, and similar furnaces, may be run with an acid (silica) or a basic 
(calcined dolomite or magnesia) bottom as desired ; and, besides its use for 
steel-making, may be advantageously employed for any of the ordinary purposes 
of an air furnace where the output is sufficient to keep it in work. When by 
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means of suitable reversals at regular intervals a white heat is obtained, the 
basin-shaped acid bottom is formed by using Calais sand with about 5 per cent, 
of red sand mixed with it, or some mixture of a similar nature, and burning it 
in, in thin layers, by pouring the loose sand on and then bringing each layer 
to the highest temperature of the furnace. Finally, a melt of slag and, 
perhaps, one of pig-iron, known as the pig-wash, consolidate the bottom and 
leave it ready for regular work. 

Gas crucible holes are worked on similar principles, only, instead of an 
open hearth containing a bath of molten metal and slag reacting on one another, 
a slightly different shape of hearth is formed ; the bottom is generally made 
up of small coke, and crucibles are placed on these and receive the usual types 
of charges. 

4. THE CTTPOLA. — The cupola, in its essential features, may be considered 
as a vertical hollow cylinder of refractory material, suitably supported and held 
together, having the top end open and the bottom closed, excepting for the 
provision of a small tap hole. A short distance above the bottom are holes for 
the admission of air, which is cither forced in mider pressure or induced by a 
steam jet near the top of the stack or by other means, and about half-way up 
a suitable opening, for convenience in charging or throwing in the metal fuel 
and flux as required. The furnace being hot, the air of the blast combines 
with the carbon of the fuel to form carbon dioxide, and heat is given out, 
which is utilised for melting the metal in contact with or above the fuel. Also 
at the temperature produced, the flux unites with the sand of the pig and scrap 
and with the silica and other substances formed (which would bo dry, and 
would deteriorate the quality of the cast-iron), and forms a fusible material or 
slag. Some of the carbon dioxide formed takes up more carbon to form carbon 
monoxide, and, as heat is thus al)8orbed, any of the combustible carbon mon- 
oxide that escapes at the top and bums in the air represents so much loss ; for, 
it will be remenil)ered, that the calorific power of carbon bunied to carbon 
dioxide is 8134 heat units, while that of carbon to carbon monoxide is 2450, 
only about one-third of the maximum. When the melting begins, the tap 
hole is stopped up by a " bod " or conical piece of suitable plastic refractory 
material, and the molten metal and slag accumulate in the bottom of the 
cupola ; the cavity between the bottom and the tuyere level represents the 
capacity of the cupola to hold molten material without interfering with the 
blast. When sufficient metal has gathered, a hole is made in the bod with 
a pricker bar, and the metal tapped into a ladle and taken away to the 
moulds. When all the metal required for the day has been run down there 
is always some coke, and perhaps some iron, left in the cupola. All the 
iron might be melted out, the coke ultimately burnt away, and the aah fluxed 
off, perhaps ; but this method would be a great waste of time and material ; 
hence, some comparatively large portion near the bottom is made to take 
off easily, or the bottom itself made in halves and hinged so that they can 
be held up during the heat and dropped at the end, so that the coke left and 
any iron that may remain is dumped on to the floor and cooled off. Any 
large portion of coke or slag sticking to the sides is brought off, the tuyeres 
cleared, and the whole left to cool. Thus the fundamentals of the cupola are 
remarkably simple ; but, like many other things, it is not so simple as it seems, 
if the operations are to be carried out to the best advantage. Considerable 
skill must be exercised in the design, building, and working of the furnace to 
procure regularly the best results with the materials available, and numerous 
modifications have been made in the general structure, while dodges in the 
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working are almost as many. Much has been written on cupola practice in 
recent years, and one excellent work of 360 large pages is entirely devoted to 
it (Kirk on The Cupola Furnace), It is well to study the above simple prin- 
ciples with care, and then the idea of the various modifications will be clear, 
although just the measure of success to be expected, and the type of furnace 
or details of working to get the best results with the greatest economy, will be 
found quite worthy the careful thought of even the most skilful managers ; 
for, although some claim to melt with less than 2 cwts. of coke to the ton of 
iron, many use 4 or even 6 cwts., and some have been known to use 10 cwts. 
to the ton. Many a cupola has been made by lining up an old boiler shell 
with fire-brick, after cutting out suitable holes for doors, etc., and many such 
are no doubt at work to-day ; but supply firms now make a great feature of 
their own special design of cupola, and these are delivered all ready for erection, 
so that the user gains the advantage of the specialised experience in design of 
the particular firm with whom he elects to deal. With our primitive cupola 
in mind, with all its bare essentials, it will be well in a few sentences to review 
some of the special features of designs, illustrating only the Stewart's Rapid 
as a good British example, fig. 193, the Whiting cupola, fig. 194, as perhaps 
the best of the American designs, and fig. 1 95, the Greiner and Erpf, special 
arrangement of subsidiary tuyeres. In every cupola a space of | inch should 
be left between the fire-brick and the shell, to allow for expansion and contrac- 
tion, and the space may be loosely filled with parting sand. No definite 
relation can be given as to tuyere area, but, roughly, the tuyere area should 
be one-tenth the cross-section of the cupola in small and one-seventh in large 
examples. Tuyeres are, as a rule, circular, and where two only are employed 
are supplied directly from the blast main, but, where more than two are used, 
an air belt or wind chest is fitted to the cupola. The majority of tuyeres 
point straight in to the cupola, but the Doherty tuyeres are placed at an 
angle to give special motion to the blast, without, apparently, any advantage. 
In the Colliau design there is a double row of tuyeres, one above the other ; 
those in the first row are from 2 inches x 6 inches to. 4 inches x 14 inches 
horizontal, those in the second row round, 2 inches to 4 inches diameter, and 
entering at 45*, pointing downwards towards the centre. The Whiting tuyeres 
are an improvement, both rows being of similar shape and horizontal. The 
MacKenzie tuyere consists of a continuous opening round the circumference of 
the cupola, and the blast thus enters as a sheet. When a second row of tuyeres 
is added, as described above, the idea is to bum any carbon monoxide formed 
to carbon dioxide ; but Greiner and Erpf claim that, only too often, with a 
second row of comparatively large tuyeres the burning is so concentrated, and 
thus the temperature maintained is so high that the carbon dioxide formed is 
sufficiently hot to react on hot coke and form carbon monoxide again ; their 
cupola, therefore, has one main row of tuyeres and then a series of small tuyeres 
in a spiral form for a considerable distance up the cupola. They chum that, 
by supplying the extra air needed in small doses, they bum all the carbon 
monoxide to carbon dioxide without raising the temperature high enough to 
be followed by the reaction of the carbon dioxide on the coke again. 

Blast pressure varies up to 14 or even 16 ozs. per square inch, and is 
generally higher the greater the diameter of the cupola ; a fair average would 
be about 6 ozs. for small cupolas to 10 or 12 ozs. for large ones. 

For raising materials to the stage, hydraulic hoists are generally used 
in this country. 

Linings. — The lining generally consists of good fire-bricks set in fire-clay. 




Fig. 193.— Stewart's Rapid Cupola. 
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Fic. 194.— The Whiting Cupola. 
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the latter thin enough to allow the bricks to touch at all points, as wide joints 
lead to a short working life. If the cupola is lined in sections of 3 or 4 feet in 
depth, each section being supported on angle-iron rivetted to the inside of the 
shell, then any one section can bo renewed without disturbing the others. For 
the severe work implied by long or continuous heats the 
cupola may be partly lined with bricks, dried with a coal 
fire, and then be rammed with ganister round a short 
wooden model, raising the model and repeating the 
ramming till the charging door is reached ; then the 
ganister lining is similarly dried. 

The details of the cupolas selected for illustration 
will be well seen from figs. 193 to 195, and, as an 
example, the most important figures of a standard type 
drop bottom cupola may be taken at 44 inches diameter, 
1 2 feet from sole to charging door ; 6 tuyeres, 6 inches 
in diameter, 18 inches from the bottom, and run with 
a blast pressure of 9 ozs. Volume of blast, not pressure, 
is the essential point, also that the blast should reach 
the centre of the cupola ; and as, with cupolas of more 
than 60 inches diameter, this is difficult to effect, the 
diameter is reduced at the melting zone, or some such 
device as West^s centre blast is used. 

There are many varieties of cupola other than those 
shown here, of which there is only space to mention the 
Woodward, worked with induced draught by means of 
a high-pressure steam jet connected with the shaft above 
the stock line ; and the Herbertz, working similarly with induced draught, 
but drawing the air in through a double casing surrounding the whole of the 
cupola and with a slot tuyere regulated by having a movable hearth that can 
be moved up or down, so as to diminish or increase the width of the slot. 

The mode of operating the cupola is given in the next chapter. The 
Stewart Rapid, shown in fig. 193, has a smaller diameter in the melting zone, 
is fitted with two rows of tuyeres, and has also a receiver for collecting the 
molten metal, thus givhig some of the advantages of an air furnace. This 
receiver is connected by a ganister lined pipe to the body of the cupola further 
up, but those we have used seemed to work quite as well with this pipe 
removed. 




195.— Greiner and 
Erpf Cupola. 



CHAPTER XXIX. 

MIXINO BT ANALYSIS. INFLUENCE OF BEMELTINO. 
WORKING THE CTTPOLA. 

Mixing by analysis, tempored with judgment based on past experience, is 
steadily replacing mixing by fracture, by guesswork, or by trial. The calcu- 
lation of mixtures by analysis, given the compositions of the pig-iron and scrap 
available, and of the castings required and the changes that take place in 
melting, becomes merely a question of arithmetic. A. M* William, in 1889, 
at the Shefl&eld Technical School, being faced by a cUiss of students from works 
who had to be taught how to calculate more or loss complicated mixtures for 
the manufacture of steel, found some members of that class not sufficiently 
adept in juggling with figures to make the necessary calculations, set himself to 
simplify the problems, and designed what has become known to more than half 
a generation of students as the " pound per cent." method, with its " platform " 
modification, a method that is still in practice at the Sheffield University, and 
is daily employed by many in the works. . It has been found the easiest also 
in carat calculations for students of dental metallurgy and for other similar 
purposes. It should be obvious that the influence of a material in a mixture 
with regard to any one element is proportional to the weight of that material 
in the mixture and to the percentage of the particular element it contains. 
Also, that the combined influence is obtained by multiplying the weight of the 
material by the percentage of the element. Thus, if 1 lb. of a material con- 
taining 1 per cent, of silicon is used in a mixture, 2 lbs. at I per cent, silicon 
would give twice the amount of silicon to the mixture, and 3 lbs. at I per cent. 
3 times ; while I lb. at 2 per cent, would give twice, 2 lbs. at 2 per cent. 4 
times, and, generally, the number of lbs. multiplied by the percentage they 
contain gives a measure of their influence on the total ; for, indeed, it repre- 
sents the actual amount of silicon added in hundredths of a pound. This 
unit is given the name of lb. per cent., to act as a guide in remembering 
that if the amount be spread over so many pounds, divide by the number of 
pounds, and the result is the percentage; or divide by the percentage 
required, and the number of lbs. in which it would produce that percentage 
. is obtained, or : — 

lbs. X per cent. =lb8. per cent ^^Pfl^??*: = per cent. l^P^'««n>=lbs. 
*^ lbs. percent 

Any other unit of weight may be used as cwts. per cent, or tons per cent., 
and any fraction other than hundredths ; thus, using carats or twenty-fourths 
as in jewellery ; the unit carat oz. is employed. The problem that has to be 
faced in the foundry is not the composition of the material as charged, but what 
the composition will be in the casting ; and in cupola work, as in all other 
melting operations, we are thus at once brought to consider the influence of 
rcmelting on the composition of the metal. Everyone must test this under 
his own conditions, but examples will show the general type of changes to 
expect. In remelting an ordinary grey iron mixture there is, as a rule, a loss 
of about 0*2 to 0*3 per cent, of silicon. Unless the total carbon be abnormal, 
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this will not change much ; but, if abnormally low, it will tend to increase to 
a normal amount by reason of contact with the coke, and hence very low carbon 
mixtures cannot be successfully melted in the cupola ; a good reason why the 
melting of steel-casting mixtures in the cupola, as has been attempt^ by 
more than one firm, has not met with success. The manganese will decrease 
to a variable extent, 0*2 to 0*3 representing a typical loss if about 1 per cent, 
is present in the charge, while with a low manganese content (like 0-3 per cent.) 
the loss may be almost nil. The phosphorus comes out practically according 
to calculation ; while the sulphur, again, owing to contact with the fuel, will 
be found to have increased, an increase seldom less than 0'02 per cent., unless 
with exceptionally pure coke or with a charge initially high in manganese, the 
manganese in the latter case apparently combining with the sulphur in the 
metal and taking it into the slag. An interesting article in the Iron Age, 
19th November 1903, by J. Wangler, St Louis, summarises the experiments that 
have been published on the influence of the use of manganese ore as a 
preventive of the absorption of sulphur in cupola melting, the results being 
mainly those of P. Reusch and of F. Wuest, published in StaM und Kisen, 
The latter used a 32-inch Herbertz cupola with coke from the Ruhr district, 
containing 0*7 to 1-3 per cent. S, and added 11 lbs. of manganese ore (91 per 
cent. MnOj) and 13 Ibj. of limestone to each charge of 80 lbs. of coke and 12 
cwts. of pig-iron. The average of 33 tests showed Si, 2*18 ; Mn, 0-75 ; S, 0*06 
per cent.; the average of 10 tests, with 5 J lbs. of ore, gave Si, 1*75 ; Mn, 0*65 ; 
S. 009 per cent.; the slag showed SiOj, 55 ; AljOg, 7 ; FeO, 15 ; MnO, 12 ; CaO, 
10 ; MgO, 0-03 ; S, 0*25 per cent.; whilst during the same period (1901-3) 185 
castings, made by 27 different firms, with similar coke, averaged Si, 1 -66 ; 
Mn, 0*62 ; S, 0-11 per cent. Spiegel or ferro-manganese added to the charge 
has a similar effect ; and Messrs. Dugald Rennie k Sons, always ready to repeat 
promising scientific experiments on a commercial scale, ran some special heats 
to test the matter for this work, and their results generally corroborate the 
trend of the figures given. There are obvious disadvantages for some cases, 
such as the scouring nature of the slag or the increase of manganese in the 
metal ; but when the principle is established, these can be weighed up by each 
one for his own particular commercial conditions. 

A special case of a general mixture for light foimdry work is given as an 
example of the kind of test that should be made by the founder to obtain a 
measure of the changes that take place under his own conditions of working. 
Analyses were made of the actual consignment of each brand and of the scrap 
to be used, and, as the charge consisted of equal parts of these, the calculated 
composition is the simple mean of the results : — 





Wt 


C.C. 


Gr. C. 


Si. 


Mn. 


S. 


P. 


Bestwood No. 8, 

Uenishaw, 

Parkgate, 

Staveley,. 

Scrap, 


5 


0-12 
0-06 
0-65 
0-14 
0«0 

1-47 


8-84 1 

8-28 

2-9»5 

3-20 

2-85 


2-78 
8-84 
1-84 
3 40 
2-10 


0-60 
0-86 
1-10 
1-20 
0-80 


0-08 
0-06 
056 
0-043 
0-094 


1-20 
1-51 
1-84 
1-20 
1-86 


Total, 


15-68 


13--I6 


8-95 
0-79 
0-64 


0-328 
0-065 


6-61 


Calculated composition, . 


0-29 
0-68 


3-13 


2-69 


1-32 


Actual composition, 


2-70 


2-40 


0-098 


1-40 
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The above shows losses of 0*29 per cent. Si, 0*22 per cent. Mn, and a gain of 
0*033 per cent. S, whilst phosphorus and total carbon remain practically as 
charged. 

The Calculation of MixtmeB,— Problem 1. — Take first an example of the 
simplest case in the calculation of mixtures, namely, given the weights which 
make up the charge and the percentage of any one element, such as silicon, 
that each item contains, what is the calculated percentage of silicon in the 
charge] Let the mixture be 5 cwts. of pig containing 1*92 per cent. Si, 2 cwts. 
at 2 J per cent. Si, and 3 cwts. of scrap at 1*8 per cent. Si. Multiply eJEtch 
weight of pig or scrap by the percentage of silicon it contains ; this gives the 
cwts. per cent, of silicon added by each. The sum of these numbers represents 
the total cwts. per cent, of silicon in the charge. Divide by the total weight 
of the charge, and the result is the percentage of silicon in the mixture, thus : — 

Cwts. X Per cent, of Si. = Cwts. per cent of Si. 

5 X 1-92 = 9-60 

2 X 2-60 = 6 00 

8 X 1-80 = 6-40 



10 X Per cent Si in mix. = 20*00 

J 20 "ewtsr per cent. Si „ . .,. 

•nd — 4^— : — = 2 per cent sihoou. 

1 A ■»—«-■ '^ 



10 

Those who do not care for calculations will find that this example, 
representing only the simplest multiplication, addition and division, contains 
all that is necessary for testing mixtures to find out what their calculated 
composition is ; and, with the mere extension to other elements and entered 
in the tabular form shown later, the most complicated mixtures may be 
calculated without confusion. Thus, a man with good judgment in making 
mixtures may, with the tabular form shown and by means of the simplest 
calculations in the whole range of arithmetic, check his judgment by figures, 
and confirm his mixture or modify it if found desirable. 

Problem 2. — When the compositions of the materials are given, and the 
weights necessary to produce a given composition of charge are required, the 
problem is of a more confusing type, particularly when several elements are 
specified, although this also may be converted into the first type by judging 
what would give the desired result, testing this and modifying according to 
the result obtained. The authors have found that in even the most complicated 
cases a third trial is nearly always successful in the hands of the average man. 
Omitting the judging method, which can be tried by anyone, calculate the 
weights of the above materials which would make a charge containing 2*0 per 
cent, of silicon. Look at these materials, not as to their actual content of 
silicon, but as to their positions above a percentage platform equal in height 
to the lowest of the three. This, obviously, eliminates the lowest from the 
calculation, and shows that the weight of the other pig x its height in Si above 
the platform must equal the weight of the mixture x its height above the same 
platform. Thus, 1'92 is the lowest and 2*5 is 0*58 above and 2*0 is 0*08 above 
the 1-92 platform. Hence, weight of 2*5 pig x 058 = 7 cwts. x 008, and weight 

of 2-5 pig = ^'^ = 0-97, or, practically, 1 cwt. The weight of the 1-92 pig 

required is .-. 7-1=6 cwts ; and the reader on checking this charge, as in 
problem 1, will find that it comes to 2 per cent. 

Problem 3. — Assume that the exact reverse of No. 1 is required, namely, 
that 30 per cent, of 1*8 Si scrap must be used in a 10 cwts. charge. 10 cwts. 
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at 2 per cent, require 20 cwts. per cent. Si, but 3 cwts. at VS per cent, will 
add 5*4 cwts. per cent. Si, leaving 20-5*4, or 14*6, to be found in the 

remaining 7 cwts., an average of - = 2*09 per cent. The lowest of the 

three remaining is the 1*92 pig and the other is 0*58 above, whilst the 7 cwts. 
will be 0*17 above ; hence 

cwts. of 2-5 pig X 0-58 = 7 x 0-17 •= M9, 

1*19 
and cwts. of 2*5 pig « -— - — 2*05 cwts., 

or, practically, 2 cwts., and the weight of the other— 7 - 2 = 5 cwts. 

Problem 4. — Passing to some examples of the tjrpe of No. 1, all taken 
from actual cases extensively used in the foundry, charges for castings which 
had hydraulic tests to pass, such as those applied to high-pressure valves, 
consisted of 6 cwts. of Stanton No. IV., 3 cwts. of Gartsherrie No. III., 1 cwt. 
of Warner's C.B.R. No. IV., and 5 cwts. of foundry scrap. 



Material 


Cwts. 


Percentage Composition. 


Cwts. per cent 


SI 


Mu. 


S. 

0-06 
008 
0-06 
0-08 


P. 


Sl 

120 
7-6 
1-8 

7-0 


Mn. 


S. P. 


Stanton IV., 
Gartsherrie III., 
Warner O.B.R. IV., 
Foundry scrap, . 


6 
3 
1 
5 


2-0 
2-5 
1-3 
1-4 


0-4 
1-3 
0-4 
0-6 


1-2 
0-6 
0-2 
0-8 


2-4 
8-9 

0-4 
3-0 


0-36 , 7-2 
0-09 1-8 
0-06 0-2 
0-40 4-0 


Mixture, . 


16 


1-86 


0-65 


0-06 


0-88 


27-8 1 9-7 


0-90 1 13-2 



Uule out a form, as shown above, leaving a column for names of materials, 
one for weights used, one for each element to be considered, and one for a 
cwts. per cent, column for each of the same elements. Leave a number of 
lines equal to the items in the mixture and one extra for the mixture itself. 
Under the composition cohimns enter the corresponding results of analyses. 
Figures are given that will show the types of the pigs named ; but these 
numbers should, wherever possible, be taken from the compositions of the 
actual consignments used. Taking the Stanton first, multiply the 6 cwts. in 
column 2 by the 2 per cent. Si in column 3, and place the result in the 7th 
cohmm, representing cwts. per cent. Si. Multiply the 6 by the 0*4 Mn in 
colunm 4, and record the result in column 8 as cwts. per cent. Mn, the 6 
cwts. X 0*06 per cent. S in 5, and record in 9, and the 6 cwts. x 1 *2 per cent. P 
in 6, and enter the result 7*2 in 10 under cwts. per cent, of P. Do the same 
for all the other constituent parts of the mixture, add up the totals of the 
several cwts. per cent, columns, divide each by the total number of cwts. in 
the mixture, and enter in the proper composition column. Thus, the total 

of column 7 is 27-8 cwts. per cent. Si, and ^'^ i^ ^^"^^^^ P«L5^"> ^i ^ ^.g^ 

15 cwts. 
cent. Si, which is entered in column 3 under Si per cent. Thus, in line with, 
and immediately following, the total weight of the mixture is found the 
composition as charged. This form has been tried with success by the 
authors on many people who are easily confused with calculations. 
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Problem 5. — Another example of the type of No. 1 may be given without 
further explanation. The mixture is used extensively for heavy marine 
cylinders, and consists of 1 cwt. of No. 1 Staffordshire cold blast, 2 cwts. of 
No. III. West Coast hematite, 2 cwts. of Coltness No. III., and 5 cwts. of good 
engine scrap, averaging 2*0 per cent. Si ; and it will be seen that, with the 
compositions given, this would calculate to Si 2*14, Mn 0*67, S 0*06, P 0*59, 
as charged. 



Material. 


1 
Cwts. 

1 


Peroenti^ Composition. 


Cwts. per cent 


Si. 


Mn. 

11 
0-8 
1-0 
0-6 


S. P. 


SI 

1-8 

4-6 

6-0 

10-0 


Mn. 

1-1 
0-6 
2-0 
30 


S. 

0-02 
0-10 
0-06 
0-40 


P. 


Staffs Cold Blast I., . 
West Coast Hem. III., 
Coltness III., . 
Good engine scrap, 

Mixture, . 


1 
2 
2 
h 


1-8 
2 8 
2-6 
2-0 


02 
06 
0-03 
0-08 


0-6 
005 
0-6 
0-8 


0-6 
0-1 
1-2 
4-0 


10 


2-14 


0-67 


0-06 0-59 


21-4 


6-7 


0-68 


6-9 



This would represent about 1*9 Si, 05 Mn, 0*08 S, 0*6 P in the castings. 

We shall now attempt a few of the more difl&cult type, such as Nos. 2 and 
3 ; all these problems have been presented from foundry sources, so that they 
could not, even unconsciously, have been made to suit the method of 
calculation. 

Problem 6. — Wanted a cheap mixture for stove grate work, the limits 
being Si 2*4 to 27, P 10 to 1-3, S less than 0-15. The phosphorus so easily 
fits the pigs given, the silicon also is a common foundry one, the sulphur is 
easy, and the limits for a calculation are so wide that we shall not work this 
out, but leave it to. the student for practice. 

Problem 7. — The castings are required to contain 2*5 per cent, of silicon, 
not more than 0*6 of manganese, 0*08 of sulphur, and 1*0 of phosphorus. 
Previous experience shows that with our conditions of design of cupola, coke 
used, pressure of blast, and rate of melting, a loss of 0*2 silicon, a loss of 0*2 
manganese, and a gain of 0*02 per cent, of sulphur is experienced. The 
mixture must, therefore, calculate as nearly as possible to 2*5 + 0*2 = 2*7 per 
cent. Si, 0*6 + 0*2 = 08 per cent. Mn, and 0*08 - 002 = 006 per cent. S. 

It has already been pointed out that the first element to consider is 
phosphorus, as, in any one series of pigs, that element is fairly constant, and 
we find Holwell with over 1 per cent. P, hematite with 0*05 per cent, or so, 
and Scotch with 0*7 per cent P ; it is obvious, then, that with the pigs shown 
in Chapter XXVI., either hematite or Scotch may be mixed with the foinidry of 
the district, which we assume to be Holwell. Taking the Holwell at 1 '2 per 
cent. P and the hematite at 0*05 per cent., and assuming that 40 per cent, of 
scrap from similar work and therefore of the composition desired is used, how 
much hematite must be added 1 600 lbs. of pig are required for each 1000 lbs. 
charge : working from a 0*05 per cent. P platform 

lbs. of Holwell X 115 = 600 lbs. x 095 per cent. P. 
lbs. of Holwell = 570 lbs. per cent^P^^gg ^^s. 
1*15 per cent. P 
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and the remainder 600 - 496 = 104 lbs. of hematite. The mixture would 
thus be 496 lbs. of Hoi well, 104 lbs. of hematite, and 400 lbs. of scrap. 

Proof,— 496 lbs. Hoi well x 1*2 per cent. P- 595*2 lbs. per cent. P. 
104 lbs. hematite x 005 per cent. P= 5-2 „ „ 
400 lbs. scrap x 1*0 percent. P= 4000 „ „ „ 

1000 lbs. mixture xa; per cent. P= 1000*4 „ ., 
.*. «= 1*0 per cent. P. 

This platform method can be amplified to almost any extent ; the conditions 
of the work or of the district will generally fix some part of the charge. In 
the case thought of here the problem was : — using a 1 *25 pig of the 
neighbourhood and our own scrap at 1 '0 per cent. P, what is the amount of 
hematite necessary (minimum amount was the phrase used) to produce cast- 
ings containing 1 '0 per cent, of P ? 

Similarly, how much Scoteh at 0*7 per cent. P would be necessary ? As 
0*7 is the lowest percentage, we view the others from this platform. Holwell 
is 0*5 above it, and the mixture must be 0*3 above that ; hence 

lbs. of Holwell X 0*5 = 600 lbs. of the charge x 0*3. 
lbs. of Holwell = 180 Ibsjer^nt. P ^3^^ ^^^ 
0*5 per cent. P 

The mixture, then, is 360 lbs. of Holwell, 240 lbs. of Scoteh, and 400 lbs. 
of scrap, and the result can be checked, as in the other cases. Next, suppose 
that a charge made up of three different kinds of pig is desired ; the problem 
is indefinite in this cajse, because it is evident, from the above, that either 24 
per cent, of Scoteh or 10 per cent, of hematite may be used, each to the ex- 
clusion of the other. Now, test the mixture with Scoteh for manganese, 
240 lbs. @ 1-3 per cent. Mn = 312 lbs. per cent. Mn ; 360 ll)s. @ 0*6-216; 
and 400 lbs. @ 0*6 = 240 ; a total of 768 lbs. per cent. Mn, which, divided by 
1000 lbs. = 0*768 per cent. Mn. So that if you really must have 0*6 per cent, 
of manganese in the casting, of the two you must use this mixture, or the 
hematite one with ferro-manganese or spiegel added ; or choose a hematite 
higher in manganese. 

Thus, the fundamentals of the nature of the charge are chosen, and, having 
settled, for simplicity, on the last shown, the Holwell, Scoteh, and scrap (and 
this part of the choosing may be done once for all, to settle the character of 
the mixture), then the element most changeable, and yet, probably, most 
important of all, comes to be dealt with, namely, the silicon. Assume the 
scrap at 2*5 per cent. Si, the Scoteh at 3 per cent, what Si Holwell must be 
chosen to complete the mixture ? 

400 lbs. of Scrap @ 2*5 per cent. Si = 1000 lbs. per cent. Si. 
240 lbs. of Scoteh @ 3 per cent. Si = 720 lbs. per cent. Si. 

This makes a total of 1720 lbs. per cent. Si, but 1000 lbs. must contain 
2*7 per cent. Si = 2700 lbs. per cent. Si. There is .*. a deficiency of 2700-1720 
= 980 lbs. per cent. Si. This must he supplied by 360 lbs. Holwell ; hence, the 
Holwell must contain ??^^^~P^,'* cent. Si^^.^^ ^^^^ gj ^^^ ^j^j^ j^ 

360 lbs. ^ 

found in your stock as Holwell No. 1 foundry. It happens that there is a pig 
that exactly fit« ; but if there did not happen to be one, then it becomes a 
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problem of finding, say, two of these pigs that would make up a mixture of 
360 lbs. containing 2*72 per cent, silicon. 

This is practically the most complicated problem that can occur, and it is 
seen how it resolves itself into simple ones, always tempered with judgment 
to select from the materials those that will possibly fit the case. There is no 
use setting oneself the task of calculating how much mottled hematite should 
be added to a No. 5 ordinary foundry pig to give a 3 per cent. Si metal for 
small cylinders. By whatever method you may have arrived at your mixture, 
whether by trial, by general judgment, or by calculation, as shown here, the 
result should always be checked by the tabular form, a recommendation worth 
much when you have made out calculations for steel mixtures containing 5 
special elements, as was required of the authors at one time. 



Materials. 


lbs. 


Percentage Composition. 


lbs. per cent 


Si. ' Mn. 

1 


S. 


'■ 


Si. 


Md. 


S. 


P. 


HolwellNo. L, . 

Scotch, 

Scrap, 

Mixture, . 


360 
240 
400 


1 
2-80 0-6 
3 00 1-3 
2 60 1 0-6 


08 1 1-15 
6 02 0-71 
08 1 100 


1008-0 

720 

1000-0 


216-0 
3120 
240-0 


10-8 

4-8 

32-0 


414-0 
170-4 
400-0 


1000 


2-73 j 0-77 1 0-05 0*98 


2728-0 


768-0 


47-6 


984-4 



Although these figures are as the problem was presented to us, the Holwell 
pig fits absolutely ; but suppose that we had nothing nearer in stock than 
the one shown as Staveley 2*5 Si, 0*065 S, Tl Mn, and 130 P, let us see how 
near this w^ould come to requirements. Form the table as before. 



Materials. 

Staveley, 
Scotch, . 
Scrap, . 

Mixture, 


lbs. 


Percentage Composition. 


lbs. per cent 




Si 


Mn. S. P. 

i 1 


Si. 

900 

720 

1000 


Mn. 

396 
812 
240 


S. 

23-4 

4-8 
32-0 


P. 


360 
240 
400 


2-50 
3 00 
2-50 


11 
18 

0-6 


065 
0-02 
08 


1-3 

0-71 

1-00 


468 
170-4 
4000 


1000 


2-62 


0-95 1 06 


1-04 


2620 


948 


60-2 


1038-4 



It is seen that this change gives us a mixture of 2*62 per cent. Si, 0-95 
per cent. Mn, 006 per cent. S, and 1*04 per cent. P ; the use of this tabular 
form for trying mixtures, either those in use now, or new ones just calculated, 
or for trying (as we have just done) what difference would be produced by 
the insertion of so much of some other pig perhaps offered at a favourable price, 
is very strongly recommended, as it almost prevents error by keeping the 
necessary figures in a compact form and very clearly defined ; it shows the 
result of any change at once, and in the lbs. per cent, columns shows the 
actual influence of each item on the mixture as a whole with regard to each 
element in turn. 

Problem 8. — Required a mixture for hydraulic castings giving in the 

17 
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castings 1*4 per cent. Si, 0*75 Mn, 0*6 P, and S not more than 0*08 per 
cent., which would mean about 16 per cent. Si, 0*9 Mn, 0-6 P, and not much 
more than 0-06 per cent. S. This constitutes a difficult problem if one must 
keep to cast-iron materials, for, in practically all the pigs shown and in all 
ordinary makes with silicon at 1 '6 per cent., the sulphur is generally above 
the amount specified, and Swedish pig or American washed iron would be 
prohibitive, owing to price. One of the low silicon and low sulphur pigs 
shown in the table of erratic hematites and a type like the Derby brand 
might suit, but if the use of steel scrap is allowed then it becomes easier. 
Take the hematite shown as 1*4 per cent. Si, and 001 S, 0*02 per cent. P, 
a rather unusual composition, but the whole series is from careful 
personal analyses, doubly checked ; and Derby at 1 -30 per cent. P. 
Calculating as before, lbs. of Derby x 1*28 per cent. P = 1000 lbs. x 0-58 

per cent. P. lbs. of Derby = ^ = 453 lbs., and .-. 1000 - 453 = 547 lbs. of 

l'2o 

hematite. The hematite choice in the tables is rather restricted, so 547 lbs. 

of this hematite is assumed. This adds 547x1-4 per cent. Si = 765-8 lbs. 

per cent. Si ; but there are 1000 lbs. x 1*6 per cent. Si = 1600 lbs. per cent. 

Si required ; hence, the 453 Derby must provide 1600 - 765-8 = 834-2 lbs. per 

834-2 lbs, per cent. Si 



cent. Si, and should contain ^.^^ „ 

453 lbs. 

the nearest to this contains about 1 -9 per cent. Si. 

form as usual : — 



= 1-84 per cent. Si, and 
Test the mixture by the 



Material. 


lbs. 


Percentage Composition. 


lbs. per cent 


Si. 


Mn. 


S. 

01 
012 


P. 

02 
1-3 


Si. 


Mn. 


S. P. 


Hematite, . 
Derby, 

Mixture, 


647 
468 


1-4 
19 


0-7 
0-6 


766-8 
860-7 


382-9 
271-8 


1 
6-47 10-94 
64-86 688-9 


1000 


1-63 1 0-66 


0-060 


0-60 


1626-6 


654-7 


69-83 1 699-84 



This would come very close to the requirements, only the Mn would be rather 
low ; and should this be rigidly required up to specification, if a suitable pig 
low in Si, S, and P could not be found, it would be easy to add a small pro- 
portion of ferro-manganese to the charge, the amount of which the student 
could now easily calculate. 

Frohlem 9. — Take the same case as last, only allow the use of 20 per cent, 
of steel scrap from ship plates and 30 per cent, foundry scrap from a similar 
mixture, the steel scrap being taken at C 0-2, Si 002, Mn 0*5, S 0-05, P 0-05. 
This assists in lowering the silicon without raising the sulphur content ; and 
it is evident that, roughly, we may take this as a normal hematite phosphorus, 
taking the first table of hematites at 0*05 per cent. P. As before, Derby 

700 X 0*55 
required = — — — = 308 lbs. We shall try to use the Staveloy showTi, to 

help up our Mn, and first take stock of lbs. per cent. Si so far, namely, 200 
steel at 0*02 = 4 (what a boon we have here at once for a low silicon mixture !), 
300 scrap at l-4«420, 308 Staveley at 2-5 = 770; total, 1194 out of a total 
required of 1600; so that the hematite must add 1600- 1194 = 406 lbs. per 
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cent. Si; and this from 192 lbs. hematite means that it must contain 
406Jb8. per cent. Si^g.jj ^^^^ gj ^^^^^ ^^ j^^^^ ^^^^ gl Si, 0-72 Mn, 

192 lbs. ^ 

0-04 S, 0*04 P. What a difference this 20 per cent, steel scrap makes to a 
low silicon, low sulphur mixture, for, after bringing it in, we can select among 
tlje pigs containing over 2 per cent. Si for the remainder, and thus find it 
easier to get low sulphurs. Test as before. 



Material. 


lbs. 


Percentage Composition. 




lbs. percent. 




Si. 


Mn. 


S. P. 


SL 

770-0 

403-2 

4-0 

420-0 

1694-2 


Mn. 


S. 


P. 


Staveley, . 
Hematite in. , . 
Steel, . . . 
Home scrap, 

Mixture, 


808 
192 
200 
800 

1000 


2-6 
21 
02 
1-4 


1-1 

0-72 

0-6 

0-75 


0-06 1-80 
06 ' 06 
0-06 ; 0-05 
0-08 . 0-6 


388-8 
188-2 
1200 
2-25 


18-48 
9-60 
lO'O 
24-00 


400-4 

9-6 

10-0 

180-0 


1-60 


0-82 


0062 0-60 


8220 


62-08 


600-0 



This should melt out as close to the specification as need be desired ; which 
specification, from being an awkward one to fulfil with ordinary pig and 
cast-iron scrap, becomes easy with the use of 20 per cent, of steel scrap ; the 
calculation also shows the nature, as to composition at any rate, of the 
beneficial effect of steel scrap in cupola charges. 

Operatmg the Cupola. — Previous to a heat the cupola is chipped out, 
projecting knobs of slag, etc., removed, and all worn places patched with fire-clay 
or ganister, preferably the latter. In an iron foundry running daily heats, this 
is usually done the first thing in the morning. The next stage is to fix the 
bottom doors in position. Cupolas of small sizes have the bottom doors 
supported by means of a bolt, with a ring head, into which a hooked bar can 
be inserted for withdrawing the bolt and dropping the bottom. Cupolas of 
larger size, however, must have the additional support of props between the 
foundation plate and the under side of the door. The necessity for this will 
be seen when it is recognised that the bottom doors have to carry the full 
weight of the charge. After hooking and propping the bottom doors, the 
sand bottom is put in. For this purpose the foundry floor sand or black sand 
is used. It should be passed through a ^-inch riddle, and be of the same 
degree of dampness as is usual for moulding, that is, the sand should be 
sufficiently damp to cohere when pressed together, but not actually wet. The 
doors are brushed over with water or clay-water, the sand spread on them 
and evenly rammed. The best plan is to ram, in courses of 2 inches deep, 
and tuck the sand into the interspaces between the fire-brick lining and the 
doors, by means of the fingers. The whole of this bottom must be perfectly 
solid without being dead hard. If too hard or wet, the molten iron will blister 
or scab the sand, thereby leading to leakage. In this respect precisely similar 
conditions hold as in the case of a sand mould. The requisite slope to the 
bottom is given, and should be such as completely to drain the metal to the 
tap hole. The surface of the bottom is then carefully traversed by the fingers 
in order to detect any soft places, which should be made good. The face of 
the sand bottom may then be brushed over with clay-water or blackwash. In 
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the case of a cupola not fitted with a drop bottom, the foregoing procedure is, 
of course, omitted. Such a bottom may be put in to last over a number of 
heats, but the breast and tap hole have to be made up each heat. To effect 
this, a piece of round iron of the diameter required in the tap hole is laid in 
position and a wall of coke built level with the inside of the cupola lining. 
The front of this coke is rammed with sand level with the casing ; the breast 
plate placed in position over the sand, and wedged between snugs fixed in the 
casing. The tap hole and spout leadmg from it are then made up with 
moulding sand. The spout should have a fall of about 1 inch per foot in 
order to drain. On completing the heat the breast plate is removed, the 6and 
broken away, and the cupola raked out by means of a long-handled rake. 
Solid bottoms, though largely used in Britain, are not nearly so convenient 
as drop bottoms. The latter are in general use in the United States of 
America, and within the last few years have been largely adopted in 
Britain. Generally, drop bottom cupolas have a fettling door opposite the 
spout ; therefore, after the bottom is put in, the door must be made up. A 
wall of coke is built in level with the lining, and the fire kindled in the cupola. 
Air is drawn through the fettling door until the fire is well started, the door 
is then made up precisely as in the case of a draw front cupola, except that no 
tap hole is required in it. One tap hole is ample for any cupola, but, in certain 
cases, two are provided, one being fixed for crane ladles. The size of a tap 
varies with the size of the cupola. In some instances the tap hole is left open 
throughout the heat, while in others the hole is plugged and opened again when 
the required quantity of the metal has accumulated. When stopping a tap hole 
a mixture of clay and sand is pressed in the form of a cone ob to an iron bar, 
termed a bod stick, and this forced into the tap hole. If clay is used alone, it 
is apt to bake hard, and the next tap will be difficult. A mixture of one-third 
sand and two-thirds clay will not bake hard, and is easily opened out again by 
a tapping bar. Slag holes, when fitted to a cupola, are made up in similar 
manner to the tap holes. These holes are placed just below the tuyeres, and, 
when it is required to draw off the slag, metal is acciimulated in the cupola 
until it reaches the bottom of the slag hole, which is then opened by a tapping 
bar and the slag runs out. 

In charging a cupola it is always advisable to weigh all materials entering 
the furnace. This practice is now almost universal, and the plan of mixing by 
analysis is also being adopted by the more progressive firms. The first step 
is to determine the height of the coke bed, which can only be done by actual 
trial. In starting a new fiimace it is well to start with a comparatively high 
bed, and gradually to decrease it until the right height is found. With the 
bed too high melting is slow, and with the bed too low the iron is dull and 
lifeless. Just as no rule can be given for the amount of the bed coke, neither 
can one be given for the subsequent charges of iron and coke. These features 
can only be determined in practice ; but, as with the bed so with the charges, 
it is better to err on the safe side by commencing with comparatively light 
charges of iron to rather heavier charges of coke, until the conditions most 
suitable to the cupola are found. Special attention is drawn to this aspect of 
trial, because experience with many types of cupola is convincing that no set 
of advantageous rules can be given. At the best, the cupola is an empirical 
apparatus, and the conditions mast suitable to each particidar furnace must be 
ascertained by trial and then rigidly adhered to. Similar remarks hold good 
for the fuel ratio, and many piiblished figures are tnily misleading. On paper, 
pig-iron may be melted with very little coke. In practice, 2 cwts. per ton, or 
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a 1 to 10 ratio, represents excellent work. The ratio will, however, vary 
according to the class of casting. Thus, while 1 to 10 represents excellent 
practice for large work, 1 to 8 may be necessary for light or thin castings. 
Melting ratios are expressed in two ways : in Britain, usually as so many cwts. 
of coke per ton of iron melted ; and in the United States, more generally aa 1 
to some number, thus 1 to 8, meaning that one part by weight of coke has 
been used in melting 8 parts by weight of metal. There are many difficulties 
in the way of settling what is good practice with regard to coke consumption, 
and this cannot be done by merely stating the melting ratio, for, not only 
must due consideration be given to the types of castings made, but also to 
the total weight melted at each run and its duration in time for the cupola in 
use. In West's moulder's text-book details are recorded of 47 different heats 
from 46 firms, and the average consumption of coke works out at 2*7, or, 
practically, 2| cwts. per ton, a 1 to 7 J ratio; although for one run, in which 
70,000 lbs., or a little over 31 tons, were melted, a ratio of 1 to 11 is shown. 
Kirk says that a 1 to 8 ratio with Connelsville coke is good melting. 
R. Buchanan, in a paper on " The Foundry Cupola and How to Manage it," 
read before the Stalls I.S.I, in 1901, gives his ratio, over 1 month, when with 
Messrs. W. & T. Avery, as 1 to 10 for heavy castings, 1 to 7 87 for light castings, 
with an average of 1 to 8*49 for the month ; and sets out details of a typical 
run as under : — 

Inside diameter of cupola 36 inches, contracted to 19 inches at bottom ; 
two rows of tuyeres 78 square inches total area ; melts over 4 tons per hour, 
and 20^ tons have been melted in one afternoon ; height from bottom plate to 
charging door 15 feet, cupola full to charging door when 50 cwts. of iron in ; 
blast pressure 8 to 10 ozs., and 24 to 28 lbs. limestone put on top of each 
charge of coke. 

System of Charging. 



1. Bed coke, . 


5 cwts. 


7. Coke, 


li cwts 


2. Iron, . 


10 „ 


8. Iron, 


. 10 „ 


3. Coke, . 


H „ 


9. Coke, 


. n „ 


4. Iron, . 


10 „ 


10. Iron, 


. 10 „ 


5. Coke, . 


H „ 


11. Coke, 


. 1 


6. Iron, . 


10 „ 


12. Iron, 


. 10 „ 



and so on ; until after the second last charge, when only 56 lbs. of coke is put 
on. Metal appears in about eight minutes after the blast is put on, and is hot 
enough to run castings sometimes under ^inch in thickness. 

It is well worth while making a few calculations on this record, for it is 
obvious that, if stopped at 3 tons, it gives 3*83 cwts. per ton, or a 1 to 5*2 
ratio ; if at 10 tons, then 2*55 cwts., or a 1 to 7*8 ratio ; if at 15 tons, 2*37 cwts., 
or a 1 to 8*4 ratio (practically Mr. Buchanan's mean) ; and, taking the afternoon 
on which the cupola melted 20 tons, it is 2*28 cwts. per ton, or a 1 to 8*7 nitio. 

Another series of heats before us is worked on a system of 7 cwts. of bed 
coke and charges of 10 cwts. of iron to 1 cwt. of coke ; but, after every third 
cwt. of coke, a double weight of iron is charged, and generally a 1 J weight of 
iron for the final charge of the nm, the metal being used for light work. Owing 
to the necessities of the melting, as a rule this system has to be stopped after 
running down about 3J tons, and hence shows a consumption of 3*38 cwts. per 
ton, a ratio of 1 to 6 ; whilst^ when it is possible to run on to 7^ tons, the same 
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system shows 2 '34 cwts., or a 1 to 8*53 ratio. A careful consideration of the 
essentials indicated in these or any similar reliable records, from the points of 
view given here, will enable anyone to make a just comparison between them 
and his own practice ; but melting ratios obtained by experiment should at least 
occasionally be checked by comparison with a half-yearly or other balance sheet, 
the only true judge ; and in all contemplated change in practice it must ever 
be kept in mind that not melting ratios, but the providing of metal in its best 
state for pouring into the moulds prepared, is the aim and object of the cupola, 
and that a small saving in coke, which produced an increase in wasters, would 
be but doubtful economy. 



CHAPTER XXX. 

FUBTHEB TREATMENT OF CAST-IRON. 

ANNEALED METAL— BLACKHEART AND MALLEABLE CAST-IRON. 

The varieties of cast-iron have already been dealt with, and there remains 
the further treatment of cast-iron castings as distinct from castings in general. 
This further treatment is a heat treatment, and it may be necessitated either 
by the casting being harder than desired, or it may be an essential part of the 
process designed from the start, as in the making of malleable cast-iron. There 
are thus two distinct classes — (A) Cast-irons pure and simple, made and sold as 
such ; (B) Malleable cast-irons. 

Annealed MetaL — The material coming under section A consists of ordinary 
grey or mottled iron castings, some of which, owing to their configuration, are 
liable to have serious internal stresses, which are apt at any time to cause the 
fracture of the casting. Again, these castings may be hard to machine, and 
particularly so on the skin, owing to the chilling action of the sand on metal 
within certain limits of composition. Judicious heat treatment will not only 
render the hard places soft, but will also diminish or remove the internal 
stresses. The treatment is simple, for, by heating to a good red heat and 
cooling slowly, a new crystalline formation is given to the iron, which relieves 
the stress ; and the carbides of iron, which were the cause of the hardness, 
are decomposed into free carbon and iron. 

Certain small intricate castings also, such as are used for textile machineiy, 
table forks, harness fittings, etc. (which are so thin that they are apt to be 
chilled), are subjected to this simple annealing to soften them, and they are 
then sometimes called black metal castings. 

It must, however, be remembered that annealing grey iron greatly reduces 
its strength, often to about half of what it was before annealing. Tests carried 
out by P. Longmuir showed that a cast-iron, with its carbon mainly graphitic, 
and of 11*4 tons tenacity, stood only 6*7 tons after annealing for four days ; a 
loss in strength of 4*7 tons per square inch. W. H. Hatfield, in his memoir, 
cited later, shows three cast-irons (Si 2*5, Gr.C. 2*4, C.C. 0*8) which stood an 
average of 8*5 tons per square inch as cast ; but, when annealed, had Gr.C. 
3*24, C.C. 0*06, and only stood 4*5 tons per square inch. It is also worth noting 
that annealed grey irons have a coarse open grain. 

Blackheart and Malleable Cast-iron.— With regard to section B, malleable 
castings, there are two distinct varieties, namely, blackheart and ordinary 
malleable. Both these varieties are malleable, and possessed of considerable 
strength when properly made. The fracture of the blackheart consists of a 
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black iiiside and a silvery outside, and in a good specimen the black "heart" 
has a silky lustre. The fracture of ordinary malleable is similar to a close- 
grained mild steel, and has a distinctly steely appearance. The difference 
between the two varieties is due to the different principle involved in their 
manufacture. In each case, before annealing, the castings consist of hard 
white iron, containing 3 to 4 per cent, of carbon as hard carbide of iron. In 
the blackheart process, the object of the manufacturer is to decompose the 
carbide of iron into free carbon (amorphous or annealing carbon) and iron, 
thus obtaining a soft malleable product, which still contains practically the 
whole of the initial carbon, only as free carbon merely intermixed with the iron, 
instead of as combined carbon, hard carbide of iron. In the ordinary malleable 
(R^umur) process, the idea is to eliminate the carbon by packing the hard 
white castings in some oxidising substance, thus producing material similar to 
wrought-iron ; in fact, where pure iron is used, a well-made malleable casting 
is similar in analysis to wrought-iron. The Reaumur malleable is the variety 
which, up to the present, has been principally made in this country, whilst 
blackheart is almost the only product of the American malleable foundries. 
This seems mainly due to the local conditions and to the composition of the 
irons at the disposal of the manufacturers in the respective countries. It is 
well known that sulphur is not injurious to the typical malleable castings of 
this country, the authors having come across a sample containing 0*5 per cent, 
which still bent double. It has already been pointed out that white irons 
produced by the English hematite blast furnaces are high in sulphur, but 
they are suitable for the manufacture of Reaumur malleable. In blackheart 
malleable, sulphur has a deadly influence, in some way preventing the pre- 
cipitation of the free or annealing carbon. The low silicon irons of America, 
being generally lower in sulphur, it seemed a natural consequence that black- 
heart should be manufactured there, as the operation of changing the condition 
of the carbon requires much less time than tlie elimination of the carbon. 

The Productioii of Ordinary (B6aumur) Malleable Cast-iron.— The iron 
used is generally a mottled white of the following composition : — Total carbon, 
3^ per cent. ; manganese, 0*1 to 0*2 ; silicon, 0*5 to 0*9 ; sulphur, 0*25 to 0*35 ; 
and phosphorus, 0*05 to 0*08. 

This iron is melted in the crucible, in the cupola, in the air furnace, or, in 
rare cases, in the Siemens furnace, but the cupola is the furnace most generally 
used in this coimtry. Below is appended an interesting series of analyses, 
showing approximately the influence of remelting by the several processes. 
The rather large increase in sulphur by the crucible process is due to the fact 
that for producing malleable cast-iron the crucible is not a closed vessel, no 
lid being used, the charge when put in coming above the top of the crucible, 
and thus being in contact with coke. 



Original Pig-iron. 



C 8-5 

Si 0-85 
MnO-20 
S 0-26 
P 0-05 



Crucible. 



8-4 
0-82 
0-10 
0-30 
05 



Cupola. 



8-4 

0-75 
010 
0-31 
0-054 



Reverb. 



8-2 

0-65 

010 

0-27 

0-052 



Siemens. 



8-2 

0*70 

0-10 

0-26 

0-05 



Whatever furnace is used, it is necessary to have the metal fluid enough to 
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fill the most intricate pjvrts of the moulds to be poured in any one batch. 
Moulding operations are similar to those of the grey iron foundry, provision 
being made for the narrow range of fluidity and the high contraction of white 
iron, about I inch to the foot, although as the blackheart castings during 
annealing expand ^ inch per foot, for these the same shrinkage allowance on 
the pattern as for ordinary grey iron is given. The castings are allowed to 
set, and then the rumiers are either knocked off when the casting has just set, 
or, after it has gone cold, according to the nature of the casting, remembering 
always that this type of iron, when just set, is more than ordinarily weak. The 
amoimt of feeder necessary to niivke a solid casting is very variable, and may 
range from 25 per cent, to 125 per cent, of the weight of the casting. One 
strong feature of the skill of the moulder is brought out in being able to make 
a solid casting with a minimum weight of metal. 

Having obtained the castings as hard brittle white iron, they are next 

barrelled or otherwise dressed 

to remove the sand, and they 
are then ready for annealing. 
The anneivling ovens, of which 
a simple type is shown in fig. 
196, are built to contain one 
to eight tons of malleable cast- 
ings, and are generally heated 
with coal, although many are 
now to be found gas-fired. A 
common type of oven consists 
of a rectangular chamber, with 
fire grates at each comer placed 
below the floor level. The 
flames enter the chamber at 
the floor level, pass towards 
the middle, and are drawn out 
at the roof by means of a flue 
running down the centre. 

In many cases the pro- 
ducts of combustion from the 
fires are conducted through 
series of flues somewhat analogous to the most modem coke ovens, or to 
the Clinch-Jones furnace, shown in fig. 197, the object being, in each case, 
to give a uniform heat to the whole of the oven. The dimensions of ovens 
vary with the output ; an oven capable of holding a large number of pots 
would measure internally 12 feet x 15 feet x 6 feet in height. The castings 
are packed in " pots " or pans with iron ore, stacked in the ovens, and raised 
to the necessary heat. The pans, which may be roimd, square, or rectangular, 
as most suited to the forms of the castings, are generally made of cast-iron, and 
are used over and over again. An average size of pot for small castings would 
be 15 inches diameter x 23 inches in depth. The ore used is red hematite, 
broken up finely, but never used all new, as it seems to act too energetically 
as an oxidiser, and, genenilly, one part new ore is added to several parts of 
ore that has been used before, the two thoroughly mixed, and the castings 
carefully packed so that no two castings are in contact. The oxygen from this 
ore oxidises the carbon in the castings, and thus gradually eliminates that 
element. The ore previous to use is red oxide of iron (FcgOg), but after the 




Fig. 196.— Annealing von. 
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annealing process it is found to be black, and to correspond to the formula 
FejO^ ; but amongst this are frequently found particles of metallic iron which 
have been reduced from the ore, presumably by the carbon monoxide produced 
during the annealing. With regard to the height and duration of tempera- 
ture for annealing, as the process is broadly intended to remove the carbon, it 
will be evident that thin castings will be more quickly annealed than thicker 
ones ; the time for very light work is generally about two to three days heating 
to the temperature, twelve to twenty-four hours at the temperature, and two to 
three days cooling. For thicker work the heating up and letting down occupy 
about the same time, but the heat is maintained for a period increasing with 
the thickness of the castings up to about four days. 

Naturally, these times will also vary somewhat with the size of the oven, 
and, as a rule, it will be found that the larger ovens produce the best work. 
The temperature curve of one of these ovens would be of the order of fig. 198, 
although some makers anneal at as low a temperature as 850** C. 

Within reasonable limits the chemical composition of the castings in this 



lodo'c 



Mo-c 



<rc 




129496789 
DAYS. 

Fio. 198.— Temperature Curve of Annealing Oven. 



process has little bearing on the result, provided they are white iron as cast. 
The carbon at the commencement should be 3 per cent, or upwards, the 
silicon may be anything from 0*3 to 0*9, the sulphur from 005 to 0*5, and 
the phosphorus should be under 01. Manganese is the evil genius of the 
process, and causes trouble if in excess, say more than 0*5 per cent. 

Castings made by this process give on the testing machine a maximum 
stress of 18 to 22 tons, with an elongation of 2^ to 6 per cent, on 2 inches, 
and a reduction in area of 3 to 8 per cent., with a cold bend on ^-inch square 
of 45 to 90', although special samples give higher results ; and one commercial 
casting, tested and analysed by P. Longmuir, gave 27 tons M.S., 5*7 per cent, 
elongation on 2 inches, and 10 per cent, reduction in area ; it contained 0*65 
per cent. Si, 0*15 per cent. Mn, 0*3 per cent. S. and 0*04 per cent. P. 

With regard to chemical composition, the carbon only is affected by the 
annealing, being considerably reduced in amount, and what remains is partly 
free and partly combined. A good sample showed combined carbon 0*4 per 
cent, and free carbon 0*6 per cent. 

Blackheart. — The production of blackheart requires greater skill in mani- 
pulation and more scientific knowledge than is required for the production of 
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Ueaiimiir metal. The iron used is of a somewhat different type. It must be 
low in silicon, but need not necessarily be a white iron, its chemical composi- 
tion being the necessary feature. The analysis should approximate to carbon 
3 per cent., silicon 0*5 to 1 per cent., sulphur 0*05 as a maximum, phosphorus 
O'l as a maximum, and manganese not exceeding 0*5 per cent. The principle 
involved is the making of a white iron casting of a suitable composition, heat- 
ing it to a high temperature, and thus converting the iron to the malleable 
condition by precipitating the carbon in a fine state of division as annealing 
carbon. The higher the temperature, the shorter the anneal ; but it has been 
found in practice more reliable to use a lower heat and a longer anneal, as 
the change can thus be made more certain. The process is similar to the 
other in its general aspects, excepting that it is usual to pack in scale instead 
of in ore ; and, as an oxidising medium is not necessary in this case, bone dust, 
sand, and even fire-clay are sometimes used. 

The composition of the casting after annealing is only altered in the carbon, 
the total content being somewhat lower and practically all present in the free 
state ; the composition and tests of a sample by one of the largest makers in 
the kingdom being Si 050, Mn 0*4, S 004, PO-07, Gr.C. 2-5, C.C, 0-05 per 
cent. ; a test piece of section J-mch square, bent through 180' cold, and the 
tensile test registered M.S. 20 tons per square inch, elongation 6 per cent, on 
2 inches, and reduction in area 9 per cent. 

Blackheart is not so reliable for heavy work as for light ; and, to avoid the 
introduction of sulphur, it is usual to melt the pig-iron in the air furnace. 

An important point to remember is that the shrinkage in the finished 
casting is only half that in the Reaumur process, owing to the expansion pro- 
duced by the precipitation of the annealing carbon. 

Those who wish to go further into detail with regard to the changes 
underlying these processes are recommended to digest the following papers : — 
G. P. Royston on "Malleable Cast-Iron" and on "The Relation of Carbon 
to Iron at High Temperatures" {Iron and Sted Inst, Joum., 1897, I., pp. 
154-190); G. Charpy and L. Grenet on "The Equilibrium of Iron-Carbon 
Systems" (Bull, Soc, d'Enc, V Industrie Nat,y Mar. 1902); P. Longmuir on 
" The Influence of Varying Casting Temperature on the Properties of Steel 
and Iron Castings" {Iron and Sted Inst, Journ,, 1904, I., pp. 420-436, 
which is summarised with other matter in Chap. XXXVII. ; and W. H. 
Hatfield on " The Influence of the Condition of the Carbon on the Strength 
of Cast-iron as Cast and Heat-Treated " (Iron and Steel Inst, Joum., 1906, 
II., pp. 157-188). 

Special attention should be paid to some of Charpy and Grenet's con- 
clusions, noting well, before attempting to apply them, the particular condi- 
tions under which the experiments were made. The compositions of the irons 
used are shown in the following table; practically the only element which 
was varied in amount was the silicon : — 



No. 


Carbon. 


Silicon. 


Manganese. 


Sulplmr. 
0-01 


Phosphorus, 


1 


8-60 


0-07 


0-08, 


traces 


2 


3-40 


0-27 


traces 


02 


0-02 


3 


3-25 


0-80 


traces 


0-02 


0-03 


4 


3-20 


1-25 


0-12 


0-01 


0-01 


6 


8-30 


2-10 


0-12 


0-02 


0-01 
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These irons were poured into cold water, and (excepting the last, which had 
0*20 per cent.) contained no appreciable amount of graphite. Samples of 
these were subjected to various reheatings; and, to ascertain as nearly as 
practicable the condition at any one temperature, the samples were (juenched 
at that temperature and then analysed. Some of their conclusions are as 
follows : — 

1. The temperature at which the separation of graphite begins is lower 
the higher the silicon content. Thus, No. 1 heated to 1100' C. or any 
lower temperature for long periods gave no graphitic carbon, but at 
1150° C. the separation of graphitic carbon was produced. No. 2, heated 
for four hours each at 700 , 800*, 900°, and 1000° C, showed no free 
carbon; but it appeared on heating to 1100' C. No. 3 showed traces at 
800°, Nob. 4 and 5 at 650° ; and in the case of No. 5, after heating at 650° 
for six hours, the content of graphitic carbon had increased from O'lO to 
2 '83 per cent. 

2. The separation of graphite, once commenced, continues at temperatures 
inferior to those at which the action begins. Thus, a sample of No. 1, heated 
to 1170° and quenched, contained only 0*50 Gr.C. and 2*6 C.C. ; while another 
sample of the same cast-iron, heated at the same time to 1170°, cooled slowly 
to 700°, and then quenched, contained 1*87 Gr.C. and 0*43 C.C. Again, a 
fragment of No. 3, heated to 1170* and quenched, contained 1*42 Gr.C. and 
1*69 C.C; while another fragment, heated to 1170°, cooled slowly to 700°, 
and then quenched, contained 2*56 Gr.C. and 38 C.C. 

3. At a constant temperature the separation of the graphite is effected 
progressively at a rate that is the more gradual the lower the temperature or 
the less the silicon content. 

These authors also show, with regard to critical points, that their cast-irons 
have the usual carbon change point about 700°, but that there is another well- 
marked arrest in heating at 1140°, 1165°, 1137°, 1165°, and 1165° C. for Nos. 
1, 2, 3, 4, and 5 respectively, and similarly in cooling at 1120°, 1145°, 1130°, 
1137°, and 1145° C. 

In W. H. Hatfield*8 important memoir there are many points of interest, 
but specially noteworthy are the results on the 6 bars, all of composition C.C. 
0-08, Gr.C. 2-83, Mn 0-22, Si 1-0, S 004, P 0-04 per cent, which were all 
white irons as cast, but were variously heat-treated, so as to give the same 
composition to analysis, but to have the free carbon in all states of division 
from fine in No. 1 to coarse in No. 6. Bars 1 inch square x 18 inches long 
were tested transversely on knife edges 12 inches apart, and gave No. 1, 2 J 
inches; No. 2, 1| inch; No. 3, ly*^ inch; No. 4, 1^^ inch; No. 5, |f inch ; 
No. 6, I inch deflection before fracture, the gradually decreasing deflections 
given being due entirely to the increasing coarseness of the free carbon. 
Another set of 4 test bars, containing 0*45, 0*90, 1*10, and 1-88 per cent, of 
silicon, but otherwise similar in composition to the above, and then heat- 
treated, so that all should have the same type of free or annealing carbon, gave 
practically the same numbers, namely, 95°, 98**, 94°, and 89° respectively, when 
subjected to the ordinary bending test. The microstructure of these bars 
consisted of ferrite, or silicon ferrite, speckled with annealing carbon, which, 
if kept of suitable structure, affects the malleability little more than does the 
slag in the case of wrought^iron. He also shows that pearlite, when present, 
after heat-treating white irons, greatly increases the tenacity; one sample 
had a tenacity of 32*6 tons per square inch, with an elongation of 6*0 per 
cent, on 2 inches and a bending angle of 90° when treated so as to leave 0*35 
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per cent, of carbon in the combined form and present as pearlite in the 
structure; while another sample, of the same general composition, but 
treated to leave only 0*06 per cent, as combined carbon, had a tenacity of 
21*2 tons per square inch, with an elongation of 11 per cent on 2 inches 
and a bending angle of 180* unbroken. These results have been obtained 
at Messrs. Crowley k Co. 'a, under works conditions, by Mr. W. H. Hatfield, 
an old student of the Sheffield University, and they show what can be done 
by the application of the methods of science to ordinary works practice. 



CHAPTER XXXI. 

HIGH TEMPEEATTTKE MEASTTEEMENT. 

One of the most noticeable features of recent years is the way in which pyro- 
meters, or instruments for measuring comparatively high temperatures, have 
won their way into the most conservative wprks. For every inquiry about 
pyrometers and their application to metallurgical manufacturing purposes 
received fifteen years ago, there are fifty such to-day, and a like proportion 
seems to exist with regard to the numbers of actual applications of pyrometers 
to manufacturing processes. The history of the development of apparatus 
for measuring temperatures higher than those that can be conveniently 
registered by the mercurial thermometer is one of absorbing interest, but to 
deal with it fairly would require too much space, and demand a very consider- 
able degree of attainment in mathematics and physics. Happily, no more 
than a short summary need be given here, because the subject is very thor- 
oughly treated in High Temperature Measurement, by Le Chatelier and 
Boudouard, translated into English, with additions, by Burgess; and all 
interested in the more theoretical points are advised to study that work. 
In this chapter only such expositions will be given of the underlying 
principles on which the different pyrometers are based, as seem desirable for 
the intelligent application of the various types to industrial work. Also, 
only those examples that have come within the authors' own experience, 
and that seem to give promise of being of practical use in the foundry, will 
be described. 

It can hardly be doubted that the oldest pyrometer of all is an optical one, 
namely, the human eye, and one can have very little notion of the antiquity 
of its use to measure the temperatures of bodies by the colour of the light 
they emit; and probably, at the present day, itfis the pyrometer that is most 
extensively used. How early such precautions to attain a greater degree of 
accuracy as doing work in a semi-dark place, or at least taking care that the 
tell-tale light from the article is not asked to compete with direct sunlight, 
cannot even be surmised. The errors of this instrument, apart from any 
inherent structural defects, come mainly from lack of the training of experience 
or of temporary aberration in the brain to which it is attached, or from the 
variation of the surrounding or competing light, so that on a dull or foggy 
day the light at one temperature seems much blighter than it would appear 
on a clear and sunny day and of a different colour ; and an important draw- 
back also lies in the fact that no permanent numerical record of temperatures 
can be made from its observations. A fairly good judgment of temperatures 
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by colour to the eye is attained, especially when one is constantly experiment- 
ing with pyrometers. The following shows the colours as observed in a dull 
light, and as given by different authorities ; they may be taken as a rough 
guide, until opportunity arises for comparing the colours observed with the 
readings of a pyrometer. We have often tested several different people on 
the same furnace, and it is rather surprising to find how much they differ in 
naming the colour — much more so than in estimating the temperature in °C. : — 









Authors (with a 


Temperature. 


Pouillet. 


Otto Thallner. 


Le Chatelier 








Pyrometer). 


1600 to 1600" C, . 


Dazzling white 


Bright white 


Moonlight white 


1400, 


Welding white 




... 


1300. . 


White 


... 




1200, 


Clear orange 


Dull white 




1100, 


Orange 


Bright yellow 
Yellow 


Clear yellow 


1000, 


Bright cherry red 


Orange yellow 


900, .. . 


Cherry red 


Yellow red 


Orange 


800, .. . 


First cherry red 


Bright red 


Bright cherry red 


700, 


Dark red 


Cherry red (750**) 




First red (525**) 


Brown red (560") 





About 1782 Josiah Wedgwood, the famous potter, evidently felt the 
need of some appamtus that would yield a measure of the temperature his 
kilns had reached, and he conceived the idea of making standard pieces of clay 
mixture in a mould, drying them, and burning them at the temperature of 
the kiln. Then, as the higher the temperature reached, the greater was the 
contraction of the standard piece, by fitting the burnt piece into a sloping 
scale, he had a measure of the temperature which could be recorded. The 
temptation to mention this simple historical instrument cannot be resisted, 
although the authors have never used it. 

The Murrie pyrometer had a vessel of mercury which, as the temperature 
of the furnace in which it was placed was higher, gave a higher reading on an 
ordinary pressure gauge. The Bailey gave direct readings on a scale by 
means of the relative expansions of metal rods. 

The Siemens wat^ pyrometer, familiarly known as the copper ball 
pyrometer, is shown in cross-section in the accompanying sketches (tig. 199), 
and relies for its indications on the method of mixtures which seems to have 
been used first by T. Wilson and the present form de^signed by Mr. Cowper. 
It consists of a cylindrical copper vessel, provided with a handle, and containing 
a second smaller copper vessel. An air space (a) separates the two vessels, 
and a layer of felt surnnmds the inner one, in order to retanl the exchange of 
temperature with the surroundings. The capacity of the inner vessel is a 
little more than a pint. A mercury thermometer (b) is fixed close to the 
wall of the inner vessel, its lower part l)eing protect^ by a perforated brass 
tube, whilst the upper projects al)ove the vessel and is divided as usual on the 
stem into degrees, Fahrenheit or Centignide, as desired. At the side of the 
thermometer there is a small bn\ss scale (c), which slides up and down, on 
which the high temperatures are marked in the same degrees as those in 
which the mercury thermometer is divided ; on a level with the zero division 
of the brass scale a small pointer is fixed, which traverses the scale of the 
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thermometer. Short cylinders (d) of copper, iron, nickel, or platinum, which 
are so adjusted that their heat capacity at ordinary temperature is equal to 
one-fiftieth of that of the copper vessel tilled with 
one pint of water, are supplied with the pyrometer. 

The water pyrometer is used as follows : — 

Exactly 1 pint (0*568 litre) of clean water, 
preferably distilled or rain water, is poured into 
the copper vessel, and the pyrometer is left for 
a few minutes, to allow the thermometer to 
attain the temperature of the water. The brass 
scale (c) is then set with its pointer opposite the 
temperature of the water, as shown by the ther- 
mometer. Meanwhile, one of the metal cylinders 
has been exposed to the high temperature which 
is to be measured, and, after allowing sufficient 
time for it to acquire that temperature, it is 
rapidly withdrawn and dropped into the pyro- 
meter vessel without splashing any water over. 
The temperature of the water then rises, and 
when the mercury of the thermometer has become 
stationary, the degrees are read oif, as well as 
those on the brass scale opposite the top of the 
mercury. The sum of these last two gives the 
temperature required. 

With the copper ball, temperatures up to 1000" 
C. may be measured, and this simple instrument 
holds its own in some works for special purposes. 
In the determination of the correct temperature 
for the quenching of armour plates, it is still in 
favour with some of the largest producers. 



Thermo-Electric Pyrometers. 

After the discovery of thermo-electricity many 
kinds of thermo-couples were tried, but the germ 
of a great advance was given life when, in 1873, 
Professor Tait of Edinburgh made the suggestion 
that the current from a thermo-couple, using 
metals of high melting points (such as platinum 
and an alloy of platinum and iridium), might be 
used for the measurement of high tempera- 
tures. This idea awaited the introduction of the 
D'Arsonval deadbeat galvanometer, and, after 
various trials, Mr. H. Le Chatelier of Paris brought 
the matter to a successful issue for scientific and 
industrial purposes, and the peculiar adaptability 
of this most successful instrument gave the in- 
vestigation of the properties] of metals and alloys a new and very powerful 
impetus. So important in itself, and because it is the parent of many of the 
best-known pyrometers of to-day (the Roberts- Austen, the Baird and Tatlock, 
the R. W. Paul, etc.), we shall consider in some detail the principles underlying 
its construction and use, and then, merely alluding to the special points of 
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199.— Siemens Water 
Pyrometer. 
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difference in the other three mentioned, endeavour to indicate how they may 
be made useful in foundry practice. 

First, the facte about a thermo-couple must be noted, and these are that 
if two dissimilar metals are joined so as to make a complete circuit, there must 
be two junctions ; and if one junction is made hotter than the other, a current 
of electricity, due to the electromotive force produced by the difference in tem- 
perature, will pass round the circuit. This current is called a thermo-electric 
current, and the two dissimilar metal wires thus used are called a thermo- 
couple, short for thermo-electric couple. For every difference in temperature 
between the two junctions there is a corresponding difference in electromotive 
force (E.M.F.), and as the current in a circuits the E.M.F-rthe resistance of 

the circuit, or C = |^ then, if the same couple and circuit be used, for each 
K 

difference in temperature there is a corresponding strength of current passing 

round the circuit. It is evident that if we measure either the E.M.F., or the 

strength of the current, under known conditions which can be repeated, we 

have a measure of the temperature required. The current is conveniently 

measured on a D* Arson val dead-beat galvanometer, which will give a steady 

reading from zero in about five seconds. 

Suitable dissimilar metals for pyrometry arc platinum and platinum alloyed 
with 10 per cent, of rhodium ; or platinum alloyed with 10 per cent, of iridium. 

If it were necessary to have the galvanometer in the Pt, Pt-Rd, or in the 
Pt, Pt^Ir circuit, the cost would be prohibitive for general purposes ; but it is 
found that if the ends of the wires forming the cold junction, instead of being 
joined together, be each soldered to a copper wire, these two junctions kept 
at the same temperature, and the circuit completed, then the two junctions 
become the cold junction, and sufficient copper wire may be used to form 
leading lines from any required number of furnaces to one galvanometer, 
which, by the aid of a switch placed near the scale, may be used for any of 
these furnaces in turn, provided that wherever dissimilar metals touch, as at 
terminals, etc., the two junctions be kept at the same temperature. It is 
therefore advisable to have such junctions near together and enclosed in a 
wooden box. To form the hot junction the wires need not be either fused 
or soldered together, but only closely twisted roimd each other as at h, fig. 200 ; 
not one round the other as at c ; when they are twisted in this manner they 
are apt to come apart on heating. This point must be carefully watched, as 
the platinum-rhodium wire being stronger than the pure platiniun wire, there 
is a tendency for the latter to twist round the former, and this tendency 
should be counteracted by handicapping the platinum-rhodium wire by bending 
it back before each twist is made. Two or, at most, three twists will generally 
be enough. When properly done, this will be quite eflScient for laboratory 
experiments ; but, where a couple is to be left in a furnace for an indefinite 
period, it will be safer just to fuse the ends of the wires together by placing 
them for an instant in an oxyhydrogen flame (see a, fig. 200). 

The wires should be protected from contact with metals which would alloy 
with the platinum, and from such substanc-es as hot magnetic oxide, or reducing 
gases, which render them brittle. 

The pyrometer may be installed to read the temperatures of two or indeed 
almost any number of furnaces in succession on the same scale with only one 
galvanometer. A wire joins the + or platinum-rhodium terminal of the 
galvanometer to the centre of a switchboard placed under the scale. The 
movable contact arm is in electrical contact with the centre, and several brass 
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pieces are insulated from the arm and from one another, but joined to the wires 
from their respective furnaces. A common wire is carried from the — or Pt 
terminal of the galvanometer, and is connected to the — terminals throughout 
the system. The direction of the current is from Pt to Pt-Rd, through the 
hot junctions. It will be seen, by making a diagram and following the wires 
round the only possible circuit, that if the arm be turned to No. 1 brass, the 
reading will be that of No. 1 furnace ; if to No. 2, that of No. 2 furnace ; and so 
on. In ordinary furnace work the cold junction is 
contained in a hinged wooden casing, preferably with ^^^^s<>>-^ 

a thermometer bulb inside and the scale outside to ^^^Z<^cl 

read the temperature of the cold junction, as in the 
Baird and Tatlock form. 

For experimental work the cold junction is better 
to be kept in cold water, which can be maintained at ^.^^ 
a fairly constant and easily determined temperature, ^^^^^^^^c 
For very special research the cold junction is often kept z^^ 
at one of the fixed points, as when immersed in melting pjo. 200.— Thermo- 
ice or even boiling water, as used by Dr. Stansfield. Couple Twists. 

Galibration of the Pyrometer.— It must be care- 
fully noted that as it is the E.M.F. produced that, for a given thermo-couple, 
corresponds with any given difference of temperature between the junctions, 
the current will only give a true measure of temperature when the resistance 
of the circuit is kept constant or within the limits of accuracy required. The 
next point is, that having obtained a measure of the temperature it will be 
desirable to convert that into degrees Centigrade or Fahrenheit, as the most 
convenient way of expressing temperatures. This is done by calibrating the 
instrument, using, as standards, known fixed points, generally the melting 
points or boiling points of pure substances which have been determined with 
great care by comparison with the great standard of temperatures, the air or 
the nitrogen thermometer. Such are the melting points of tin (232' C), lead 
(327X.), silver (962'* C.),and copper (1084" C), or potassium sulphate (1060'C.), 
and the boiling points of water (100* C), sulphur (445* C), and selenium 
(680* C). The hot junction is placed so that it may attain to each of these 
in turn. The current due to these temperatures, minus the temperature of 
the cold junction, is passed through the galvanometer, and the reading on the 
scale (of millimetres with the Le Chatelier) is taken. There is no necessity to 
consider the strength of current that the reading represents, for by taking 
these observations through the required range of temperature, plotting tem- 
peratures as ordinates, millimetres or other readings of the galvanometer as 
abscissae, and drawing a fair curve through the points obtained, a calibration 
curve is made from which an unknown difference of temperature between the 
hot and the cold junctions is obtained. 

The zero of the instrument is noted by bringing the two junctions to the 
same temperature ; generally, for furnace work, by leaving the encased couple 
in the air in such a position that the two junctions will reach as nearly as 
possible the same temperature and taking the reading on the scale when 
constant. If this is not easy, the zero may be obtained by breaking the 
circuit, but, whenever possible, should be checked by the other method in case 
of any small current being in the circuit. In all experiments it is necessary 
to arrange that the wires shall not touch unless at the hot junction, and they 
must therefore always be suitably insulated, as by running one or both through 
quill glass, or porcelain tubing, or thin pipe stems, or two-hole pipe-clay or 
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porcelain tubing manufactured for the purpose. The reading for boiling 
water can be taken with an ordinary wash bottle, the jet tube being replaced 
by a closed glass tube and the water allowed to boil till the reading is constant, 
as in all the other boiling-point determinations. To ensure a correct reading 
for boiling points, the couple should not be in the liquid but in the vapour 
immediately above the liquid. For lead and tin small fireclay crucibles 
holding a few ounces are used ; and after melting the metal over a Bunsen 
burner, and inserting the couple (protected by a closed hard glass tube, 
closed as thin as possible) into the molten metal, the flame is removed and 
the spot of light on the scale is watched. It generally rises a little, owing 
to the excess heat in the bottom of the crucible, then turns and begins to fall 
steadily, becomes stationary when the metal begins to solidify, remains so till 
the metal is solid, and then begins to move steadily down again. The exact 
point is thus easily determined. Similarly, the point for pure copper is obtained, 
only the copper is melted in a coke crucible furnace in a plumbago crucible, with 
a good covering of charcoal or borax on the top, and the protecting tube must 
be porcelain or a similar refractory material as thin as possible. If the copper be 
melted in an oxidising atmosphere, it may solidify at as low a temperature as 
1065* C. instead of at 1084* C., when proper precautions are taken to keep the 
conditions reducing. We have recently been using pure silver under similar 
conditions with very satisfactory results when the melting is done imder 
glass and the wires are protected with thin hard glass tubing. One oz. 
of this silver, which can be obtained for 3s. or 48., is sufficient, and lasts 
indefinitely. The sulphur point is most conveniently taken in a 6-inch x |-inch 
test tube, with an asbestos jacket which may be made by wetting thin asbestos 
millboard, rolling it on the tube, and tying it on till thoroughly dry. This 
jacket, which will last out many test tubes, should come to within about 
1 inch of the bottom of the tube, and is necessary in order to obtain the true 
reading from the sulphur vapour, by preventing the cooling eflects of currents 
of air on the one hand and the superheating effect of the flame on the other. 
A Bunsen burner answers admirably as a source of heat. Similarly, the 
boiling point of selenium may be taken as a calibration point, using a hard 
glass or " oxygen " test tube as the containing vessel and an ordinary gas and 
air blowpipe as the source of heat. In the last two cases (for a stopper) the 
protecting tube and two open tubes are packed in the mouth of the vessel 
with asbestos, which is soon bound into a solid mass by the condensation of 
vapour among the fibres. 

For rough practical purposes a near approximation is obtained for the 
temperatures included by taking the reading for sulphur and for silver and 
joining these by a straight line, which may be produced even up to 1200* C. 
without being more than 15' or 20* from the true line at any one point. 

The al>ove details, if carefully studied, will make clear the principles on 
which thermo-couple pyrometers are based, and enable them to be more 
efliciently handled. Thus, the Roberts-Austen is practically a Le Chatelier, 
with a spot of light recording the temperature on a sheet of bromide paper 
stretched on a revolving drum driven by clockwork, while part of the light 
is also reflected on to a scale so that it can be read at any instant. It 
is made by Mr. J. Pitkin, 36 Red Lion Street, Clerkenwell, London, E.G. 
Pattern 1, at about ,£33, giving a record from any one of six furnaces by 
means of a switch. Pattern 2, al)out £35, giving two continuous and 
simultaneous records. Pattern 3, al)out £38, taking three continuous and 
simultaneous records. 
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The Baird and Tatlock portable pyrometer is also on a similar principle, 
only the galvanometer readings are given by a pointer, and the scale is marked off 
in degrees. It is obvious that the cold junction temperature must be added 
to the reading on the scale for accurate work. There is one stationary form, 
for which a fairly level surface must be found ; and another set on gimbals like a ' 
mariner's compass. This firm also supply a direct reading form, with 
photographic recorder attachment, which they call a p3rrograph (see fig. 201). 
In this instrument a band of photographic paper is drawn at a suitable rate 
under a very fine slit in the dial, the record running for 24 hours. The face 
being illuminated by an 8-volt electric lamp, the needle of the pyrometer moving 
over the dial casts a shadow through the slit on to the photographic paper, 
and when this is developed the record is seen as a white line. The same 
clockwork which draws the paper also switches off" the lamp for one minute 




Fio. 201.— Baird and Tatlock's Pyrograph. 



every hour, and this marks white hour lines across the record. The scale can 
be seen while the diagram is being made, the records can be inserted and 
withdrawn in daylight, and the t<3mperature lines are ruled off by means of a 
gauge suj^lied. The portable form costs about £12, mounted on gimbals 
about <£14, and the pyrograph form about <£24. 

R. W. Paul has elected to use the platinum and platinum with 10 per 
cent, iridium couple, and has attached these to his well-known single pivot 
portable galvanometer, with scale marked in degrees and in millivolts. This 
is an extremely convenient and portable instrument, and the mere act 
of lifting the galvanometer fixes the bearing ready for carrying about, 
while the placing of it down pushes in a little pin which frees it again 
for Uiking readings. It is also wound with special wire of low tempera- 
ture coefficient, so that the variation in the readings due to change of 
resistance in the galvanometer as its temperature varies, is reduced to 
a minimum. 
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The R. W. Paul single pivot mo\ing coil galvanometer, 230 ohms re- 
sistance, with wall plate for wall, shelf, or tables, costs about £1 ; it is graduated 
to read in degrees and also in millivolts if required. Thermo-couples, etc., cost 
about jB3. It is one of the cheapest and remarkably portable and efficient. 



Electric Eesistance Pyrometers. 

In these the increase in the resistance of a platinum wire with increase 
of temperature is the feature used for measuring temperatures, a principle 
first proposed by Sir Wm. Siemens in 1871. The Callendar and Griffiths 
is a well-known pyrometer of this type in which a fine platinum wire is 
wound on a mica frame, in section that of a cross with equal arms, which 
gives perfect insulation without causing any alteration in resistance of the 
wire, the principal defect in the Siemens form with the platinum wire 
wound on porcelain. The platinum wire is connected by means of stout 
copper or platinum leads to terminals in the head of the pyrometer. Two 
similar leads, but unconnected with the coil, pass through the whole 
length of the pyrometer and act as compensating leads. By this means 
no eri-or is introduced by the variation of the temperature of the wires 
connecting the thermometer with the indicator or the recorder. For 
recording temperatures by means of an electric resistance pyrometer a 
Callendar recorder is employe4. This instrument consists of a Wheatstone 
bridge or potentiometer, in which the movements of the slider along the 
bridge wire is automatically effected by relays worked by the current passing 
through the galvanometer between the bridge arms. According as the moving 
coil of this galvanometer is deflected in one direction or the other, a relay 
circuit is connected through one or the other of two electro magnets. ELach 
of these magnets is mounted on a clock, the movement of which is prevented 
by a brake. When a current passes through a magnet this brake is lifted, 
allowing the clockwork to revolve. These clocks are connected by differential 
gearing with a recording pen, which is pulled in one direction or the other 
when the brake is lifted from the corresponding clock. The bridge slider 
moves with the pen, and tends to restore the balance. Cambridge Scientific 
Instrument Co.'s pyrometer costs about £8 to <£10 ; the Whipple indicator for 
taking readings, £20 : or the Callendar recorder for continuous readings for 
one week, £43 ; the record is made in ink, and can be read at any time. 

The S^er Gones are made of mixtures of silicates which melt at certain 
fixed points. The temperatures at which the several cones will melt begin 
with cone No. 022, melting at 590" C, to No. 010, melting at 950' C, with 
intervals of 30* C. ; and from No. 09, melting at 970** C, to No. 36, melting at 
1850" C, with increments of 20" C. 

In fig. 202, cones 9, 8, 7 and 6 are shown protected from the action of 
live flame by a little fire-brick erection, and as they would appear after being 
withdrawn from a furnace of approximately temperature 7 or 1270* C, No. 6 
having practically melted, while 7 comes nearest to the condition imder which 
they have been made to indicate the temperatures in the table, namely, that 
the cone has bent over until the apex has nearly touched the base, Nos. 8 and 
9 are as sharp on the edges as when put in, so the furnace reached over 1250' 
C, did not reach 1290° C, and was somewhere very near 1270* C. The 
applications of these, with their advantages and disadvantages, are- obvioiis. 
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The cones are imported and sold at about 138. 6d. per 100 by Messrs. S. G. 
Bailey <fe Co., Ltd., Stroud, Glos. 



Melting Points of Sboer Cones. 



Cone 
No. 


1 
Cent. 


Fahr. 


Cone 
No. 


022 


&90 


1094 


07 


021 


620 


1148 


06 


020 


660 


1302 


06 


019 


680 


1266 


04 


018 


710 


1310 


03 


017 


740 


1364 


02 


1 016 


773 


1423 


01 


1 015 


800 


1472 


1 


1 014 


830 


1626 


2 


! 013 


860 


1580 


3 


012 


890 


1634 


4 


Oil 


920 


1688 


6 


010 


950 


1742 


6 


0S> 


970 


1778 


7 


08 

1 


990 


1814 


8 



Cent Fahr. 




Cone 

No. 


Cent. 


24 


1610 


26 


1630 


26 


1660 


27 


1670 


28 


1690 


29 


1710 


80 


1730 


31 


1760 


32 


1770 


33 


1790 


34 


1810 


36 


1830 


36 


1860 



Fahr. 



2930 
2966 
3002 
3038 
3074 
8110 
3146 
3182 
3218 
3264 
3290 
3326 
3362 



The Wiborgh Thermophones consist of small calcined cylinders, enclos- 
ing some explosive material. When placed in a furnace or space, the 
temperature of which is required, after an interval corresponding with the 
temperature of the blast, molten metal, or hot space, as the case may be, the 
cylinder explodes with a sharp crack. They must bo deposited in the place 
where the temperature is to be measured, and at the exact moment a stop 
watch started. The watch is stopped at the moment the thermophone explodes, 
the reading taken to the 
fifth of a second, and the 
corresponding temperature 
is found by reference to 
a table supplied with each 
box of cylinders. With 
proper care and a little 
practice it is really surpris- 
ing how nearly the results 
agree with the readings of 
a standard Le Chatelier 
pyrometer. 

The Sentinel Pyro- 
meters have just been put 
on the market, and, from 
preliminary tests made, they bid fair to take a prominent place amongst 
this class. They consist of cylinders about |-inch long x ^inch diameter, 
and are made of mixtures of oxy-salts, protected from the moisture in the 
air by a thin coating of paraffin wax. These salts are so compounded 
that the cylinders melt sharply at certain intervals in a wide range of 
temperature ; their uses will easily be gathered from what has already 
been said. 
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Optical Pyrometers. 

For the daily determination of very high temperatures with the methods 
given, and particularly in those cases where the manipulation of molten 
metal is included, difficulties increase until the methods become impractic- 
able. Consider two typical cases. It would be of great interest, and no 
doubt ultimately of great value in open hearth steel making, to be able to 
give, with some fair degree of reliability, the temperatures of the furnace, 
the slag, and the metal at different stages of the heat, and the temperature 
of the metal as tapped from the furnace or as run into the moulds ; but 
thermo-couples need efficient protection, such as it is almost impossible at 
present to find for them for application to this case industrially, and resistance 
pyrometers break down before this temperature is reached. Again, there are 
cases where, owing to the necessities of output, etc., the reader of temperatures 
must not disturb the rhythm of the work, even for short periods, and his 
instrument must not stop, say, the pouring of castings. For these and similar 
reasons, advantage has been taken of the radiation from the hot body whose 
temperature is to be measured. These radiations will come through space to 
the instrument without the aid of wires, and the observer may take his readings 
without disturbing the ordinary routine of the foundry. The eye has already 
been given as an example of an optical pyrometer which is used for detennining 
temperatures by judging of the colour and brightness of the light given off by 
the body. Even here, when very high temperatures are reached, artificial 
help is called in, as, in open hearth practice, the judging of the heat of the 
furnace through blue glasses of a standard tint, the colour of the bubbles as 
they break, or the thickness (viscosity) of a slag judged to be of a given com- 
position, or, again, the appearance of some part of the furnace as seen through 
the glasses. 

The Mesur^ & Nouel Pyrometer. — One of the simplest optical pyro- 
meters is that of Mesure «fe Nouel, the principle of which will be sketched 
as simply as possible, as, although optical pyrometers have been so much 




Fio. 208..— Mesur6 & Nouel Optical Pyrometer. 

improved recently, this one is still much used, and serves well as an 
introduction to the others. The pyrometer is in the form of a telescope, 
and consists, essentially (fig. 203), of a polariser, P, and an analyser, A, of 
which the position of extinction is the zero of the graduation on the divided 
circle, C.C. This circle is divided into degrees, and is movable in front of 
the fixed index, 1. Between the two Nicols, P and A, is a quartz plate, Q, 
of convenient thickness and rotation, carefully calibrated. The lens L faces 
the opening (i, which is furnished with plate-glass, or, if required, with 
ground glass of very fine grain, and, in certain cases, with a special additional 
lens system in order to gather in a greater amount of light when observing 



HIGH TEMPERATURE MEASUREMENT 



281 



tempemtures below 900' C. The light emitted by incandescent bodies is not 
homogeneous. Its spectrinn contains, for the temperature corresponding to 
dark red, only the lea«t refrangible rays. In proportion as the temperature 
rises, . the series of more and more refrangible rays appear and augment in 
intensity until all the colours of the spectrum of white light are represented. 
Applied to composite light the preceding system caimot, in any position of the 
analyser, determine the extinction of the emergent pencil ; but the rotation 
of the analyser causes a series of tints of varying colours and intensities to 
appear. In the case of white light one of the tints is specially noticeable. It 
is called the "Sensitive Tint," because it changes more quickly than any of 
the others. It is greyisli-violet, and turns to blue or to red for a very small 
rotation of the analyser in one or the other direction. The light from 




Fig. 204. — Mesure & Nouel Optical Pyrometer. 

incandescent bodies also gives a sensitive tint, and the angle of rotation which 
causes it to appear varies with the composition of the light and therefore with 
the temperature of the bodies. It is so much less as the tempeniture is lower, 
and hence the measure of the angle serves to define the temperature. 

For extremely high temperatures the sensitive tint approaches that of 
sunlight, is of a greyish-purple, and turns from red to blue. For lower 
temperatures, the blue rays being feebler or wanting in the spectrum, 
the sensitive tint passes from red to green, and is of a greyish - yellow 
colour. For still lower temperatures only the passage of the red to the 
greenish-yellow is obtained, and, finally, merely the simple extinction of the 
red rays. The reading on the circle when this sensitive or transition tint is 
observ^ed defines the temperature of the incandescent lx)dy, and, although there 
is no standard for comparison, considerable skill in obtaining concordant 
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results is acquired by practice. Particularly for repeating a certain tempera- 
ture day after day it is used with success, and its easy portability is greatly in 
its favour for positions not easily accessible. For metals giving off coloured 
vapours while fused, a tube of iron closed at one end may be forced into the 
bath or into the hearth to be observed and the reading obtained by looking 
into the open end of the tube with the pyrometer. This is made by Ducretet, 
Paris, and costs about 130 francs; the lens system for temperatures below 
900' C. is 46 francs extra; and the very useful stand shown (fig. 204) is 
another 32 francs. 

The Wanner Optical Pjrrometer serves for measuring temperatures from 
900* C. upwards. It is very convenient for the measurement of the temperar 
tures of molten iron or steel, of other very high temperatures, and of the 
temperatures of places that are inaccessible or where machinery or workmen 
would be interrupted by the use of instruments, part of which must touch the 
sample or be in the actual space, the temperature of which is to be measured. 
The light from the hot body or place enters the apparatus through a slit, and, 
after traversing a direct vision prism, forms a spectrum from which, by means 
of a screen, light of definite wave length is cut off and the intensity of the light 
measured by polarisation. The part of the apparatus facing the radiation to 
be measured is fitted with a small 6-volt electric incandescent lamp, the light 
from which also passes through the apparatus and is used as a standard ifor 
comparison with the intensity to be measured, the lamp being worked by an 
accumulator which must be kept at a fairly constant voltage. On looking 
through the apparatus, the circular field of view is seen to be divided into 
two semi-circles, one of which is illuminated by the little electric light and 
the other by the body under observation, the colour being red, as the light 
selected is that corresponding to the Frauenhofer line C. By adjusting a 
rotating eyepiece containing a Nicol prism, the halves of the field of view 
can easily be^ brought to equal intensity, as, when they are even slightly 
different, there is a distinct line acix)8s the diameter, which just disappears 
when they are equalised. The angle of rotation is measured on a circular 
scale, and, by reading the angle, the temperature corresponding to it is 
found in the table sent out with each instrument. The method simply 
consists in comparing the rays of a known temperature emitted by the 
electric lamp with the rays of an unknown temperature, and the operation 
is a very simple one. The whole apparatus is about 12 inches long, and 
is made in the form of a telescope. CJonsequently, it can be manipiilated 
with ease, and the distance from the object to be measured is of little 
importance, so long as the field of vision is fairly filled with the light to be 
measured ; and, with practice, when this is not feasible, as in taking the tem- 
perature of a thin stream of metal, fairly concordant results can be attained. 
It is essential that the filament of the little electric lamp should always have 
the same temperature, and as this may vary as the accumulator nnis down, or 
as the lamp deteriorates with use, the electric light is periodically compared with 
a standard light, namely, the flame of a standard amyl acetate lamp, burning 
steadily, protected from draught, and with its flame of definite height as 
measured by the metal gauge supplied with the instnmient (see fig. 205)". 

The underlying principle is, that if the light from a hot body is passed 
through a prism, and light of certain wave length selected from its spectrum 
(in this case the red) as the temperature of the hot body increases, the in- 
tensity of any portion, and, therefore, of this red portion of the spectrum 
increases, and herein is obtained a measure of the temperature of the hot body. 
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This is only strictly true, however, for the theoretically black body (like lamp- 
black) which absorbs all rays that fall on it, and hence can radiate light of any 
colour or wave length. Lampblack is almost perfect ; iron and black slags 
are nearly so, while bright platinum is far removed ; copper also, owing to its 
own red colour, appearing hotter in a muffle side by side with iron and brick. 




SlandirdUing the IrtSlriiminL 



Fig. 205.— The Wanner Optical Pyrometer. 



According to Kirchhoff, a hollow space, surrounded by walls that are impervious 
to heat and perfect reflectors, is a theoretically black body ; and practically the 
same effect would be attained if the walls, instead of being reflecting, have 
the same constant temperature as the hollow space. Closed furnaces at high 
temperatures thus approximate to this condition, and it is encouraging to be 
told by the physicist that any deviation from perfection decreases as the 
temperature increases. 
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At Sj there are two vertical slits, a and &, vertically above one another, 
the lower, a, illuminated by the little electric lamp through a right-angled or 
totally reflecting prism, ground on the face next the lamp to diffuse the light 
from the lamp filament. The upper slit, b, is illuminated by the light from 
the furnace walls or other hot body. Oj is a lens which, placed at its focal 
length from Sj, transmits the two sets of rays as parallel beams. K is a direct 
vision prism which forms the continuous spectra of the beams. Through the 
polariser W, each pencil from a and b is resolved into two polarised parts, 
called the ordinary and extraordinary rays, vibrating in directions at right 
angles to each other, and having different directions. There are now four series 
of spectra, and the lens Og would focus these four spectra over the surfiice of S^ 
but the pencils have to pass through the double prism Z, which deviates them 
towards the axis, meanwhile making eight spectra. Z is so proportioned that 
only one from a (ordinary rays) and one from b (extraordinary rays) are 
focussed in one plane exactly in front of the slit Sg, the diaphragm of which 
cuts off all the others, and all but the red rays of these two, so that there is 
now in the field of view of the analyser N, two half fields, which are polarised in 
directions at right angles to one another, the lower illuminated from b alone and 
the upper from a alone. If the slits be equally illuminated, and the plane 
of the analyser midway l)etween or at 45* to the plane of the polarisation of 
each beam, the two semi-circles will be equally illuminated and appear as one 
complete circular field ; if they do not, then, by turning the analyser, one will 
l)ecome brighter and the other darker, so that they may be equalised. The 
angle may be read from a scale, and the temperature calculated or taken from 
a table made by calculation or by calibration. This table is supplied with each 
instrument. Townson and Mercer are the agents, and the price is about <£22. 

With these optical pyrometers strong reflected light from an external 
source must be avoided where possible, and the atmosphere between the body 
at the required temperature and the observer must be reasonably clear, that is, 
free from much smoke, or coloured fumes, or clouds of dust or steam. 

The Fery Badiation Pyrometer.— This recently introduced and convenient 
form of pyrometer uses the heat radiation from the furnace or hot body to 
measure the temperature, and is thus suitable for dealing with very high 
temperatures. The complete outfit consists of a short telescope on a tripod 
stand and a Meylan-D' Arson val galvanometer graduated in millivolts and 
* C. The radiation from the hot body falls on a concave mirror within the 
telescope and is brought to a focus on a copper-constantan thermo-couple. 
The hotter the body the greater the rise in temperature of the couple, and 
the stronger the current produced ; thus a measure of the temperature of the 
body is obtained. 

The TJehling Pneiuuatic Pyrometer and Steinbart Automatic Becorder 

form one complete instrument, the former registering the temperatures attained, 
and the latter, at the same moment, legibly recording them in ink. The 
pyrometer is based upon the laws governing the flow of air through small 
apertures, and, although the instrument is wonderfully ingenious, and has so 
far given satisfactory results for annealing furnace temperature, we cannot 
afford the space to describe it in detail. It has been carefully described by 
its inventors before the Cleveland engineers and later by Mr. J. H. Harrison, 
M.Inst.C.E., before the Iron and Steel Institute (Joiim., 1904, L). Suction is 
maintained by a steam aspirator, and is kept constant by drawing air in through 
a tube in a deep water vessel. Specially purified air which has attained the' 
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temperature of the space enters one small aperture in a platinum tube, is 
drawn along to a second, where it is also reduced to a constant temperature 
(100** C). As there is a constant suction behind the second aperture, and all 
air passing in at the first is reduced to a constant temperature, if the air passing 
in at the first is of a high temperature and a given volume passes through 
the first aperture the amount that reaches the second will be less than if the 
temperature were lower ; hence, the pressure will be less the higher the tem- 
perature, and the water in a manometer tube attached will rise, while, when the 
temperature is less, the water will fall ; hence, the height of this water gives 
a measure of the temperature. This varying pressure is transmitted to a float, 
so that as the pressure varies the float has a corresponding movement, and, 
by means of a special pen attached, records the temperature on paper moved 
by clockwork. The price is about £100 for each furnace. 

Ghoofiing a Pyrometer. — The starting point is, the purpose for which the 
instrument is required, whether merely to take the temperature of a space or 
to record the delicate changes in the rate of cooling of a piece of iron, steel, 
or alloy ; to determine the temperature of an oven or an annealing furnace ; 
or to take that of a mass of metal at any given moment ; to regulate the per- 
formance of a given operation, such as quenching, so that it shall always be 
done at the same temperature ; or merely to ensure that a kiln shall have 
attained to a certain high temperature before it is allowed to cool down again. 
Next must be settled whether a reading at any desired moment will do, or a 
continuous record must be kept ; if the latter, whether the record need be 
visible while being made, or if it will suflice to be traced photographically so that 
one day's record can only be examined when it is completed and the plate or 
paper developed. Then comes the price that would give a reasonable expectation 
of return ; or what smaller amount is the maximimi those in authority may be 
induced to expend ; and, lastly, what instruments are available, at what price, 
and where they may be purchased. For taking the temperature of a space, 
such as an oven or a muffle, almost any of the pyrometers are available when 
used with knowledge and care. To read off the heat at a certain spot quickly, 
or to obtain the temperature of a piece of metal for experimental purposes, 
or to follow the faintest of the changes in the rate of cooling of, say, a piece 
of pure iron, the thermo-couple stands easily first, and, with regard to its indica- 
tion changing with use, thermo-couples have been in use for two and three 
years at a time for experimental work from 0* to 1000' C, gradually becoming 
shorter and shorter through small pieces being cut off* ; but their calibration 
curve has hardly altered ; if protected with double-glazed porcelain tubes (as 
resistance pyrometers must be), their life would probably have been much 
further prolonged, although their indications would not be so promptly defined. 
Such pyrometers as thermophones, Seger cones and sentinels, are cheap at first, 
and are convenient as checks, w^here others cannot be bought ; but it must be 
remembered that each time a reading is required one thermophone is gone or 
several cones are destroyed * if few readings are required, these may do ; but if 
many are needed the cost moimts up. The simple ball pyrometer still holds 
in certain large furnaces where the length of the thermo-couple, always exposed 
to a considerable temperature, is an objection, and, as in the case of a large 
plate, the small ball attached to asbestos-covered wires can be laid on the plate 
and covered with asbestos or sand, thus taking the temperature of the face ; the 
instrument, though cheap, is also capable of giving many readings at a small 
cost ; but it is mainly usefl for such work as taking a large plate or furnace 
to a given temperatuxe. With a nickel cylinder this may be dipped into 
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metals or alloys of low melting point, such as white metals or antifriction alloys, 
and thus their best casting temperature arrived at. Where the length of 
couple-wire required is not excessive, and the wires can be protected from oxide 
of iron or reducing gases, then the thermo-couple gives readings at any moment 
and will take the temperature of the place where the couple is, in a few seconds. 
They are thus in constant use for steel casting and other annealing furnaces, 
for malleable annealing ovens, for taking the temperatures of chimney gases, 
etc. These are of the Le Chatelier type ; the R. W. Paul is one of the cheapest 
and most portable, but does not record ; the Baird and Tatlock is another, 
their pyrograph records photographically, and the record can only be seen 
after development, as is the case with the Roberts-Austen. With the platinum 
resistance type the platinum must be protected by a double-glazed porcelain 
tube, which is rather tender and causes lag, a matter of little importance in re- 
cording a temperature for twenty-four hours, and with proper precautions the re- 
liability of the indications is a great point, and the record made by the Callendar 
k Griffiths type is in ink and can be seen at any time. If in either of these 
types, thermo-couple or resistance, the poker has to be thrust into a furnace 
above a dark red, the metal tube is soon eaten through, and, for continu- 
ous work, must either be replaced by a kind of fire-clay tube now being made, 
or the tube must be water-cooled up to the part that is recording the 
temperature. The Uehling is a good example of a water-cooled tube arrange- 
ment with a visible record in ink, the last six or seven hours of which can be 
read without disturbing anything, and, on the whole, it is a marvel of ingenuity ; 
the only points against it are its price, the fact that it cannot be moved from 
one part of a works to another, and that, practically, a new pyrometer is re- 
quired for every furnace. Finally, as the authors have found by experience that 
they are as often asked for prices and name of maker or supply-house as for 
the principle on which that pyrometer acts, the names of the makers and 
approximate prices have been given, merely as a guide ; and when some idea 
has been formed of the most suitable kind available, the firms mentioned, or 
almost any of the usual houses who supply chemicals and apparatus, will give 
a proper quotation for specified wants. Thermo-couples may be used for tem- 
peratures near to the melting point of platinum, but if required for extended 
periods to read above 1100* C., the wires soon deteriorate and recourse must be 
had to an optical form ; for cheapness, the Mesur^ and Nouel is with practice 
good for deciding when a certain fixed temperature is reached, as it needs no 
standard and storage battery, and is easy to take to places diflScult of access ; 
but only with long practice is it of much use in varying temperatures, as the 
sensitive tint is different for every temperature. The Wanner optical is much 
dearer ; but since it has been available as a matter of personal experience, even 
the l^-lb. Wanner, with its 18-lb. accumulator to haul about instead of the 
Mesur^ and Nouel weighing 2 lbs. in all, the Wanner is the one now used for 
taking the temperature of Siemens bath, tapping the Siemens, hot end of the 
checkers, molten cast-iron, special experimental steels, and the like. Then, it 
must be rememl>ered, that several others of importance have not been de- 
scribed ; but as the authors have not yet used them, the reader will obtain as 
reliable information as they could get here from their respective catalogues. 
It should be observed that it is not so much an instrument that is said to 
read to a fraction of a degree, and may not be giving the real temperature at all, 
as one that will give, with reasonable accuracy, the actual temperature of the 
space or metal required, with the greatest facility and the least interference 
with work, that contains the essentials of a pyrometer for practical purposes. 



CHAPTER XXXII. 

STEEL. 

There is a wealth of information on the influence of composition on steel 
generally, both in the form of the tests given by many varied compositions 
and by tables of results of special experiments, showing the effect of gradually 
increasing the amount of one element present, keeping the others in fairly 
constant proportions. The great majority of these tests have, unfortunately 
for our present purpose, been made on forged materials, and, probably because 
the composition of the great bulk of steel castings came, imtil recently, within 
comparatively narrow limits, the tests on materials as cast or annealed, but 
without work on them, have been by comparison but few. Another reason 
for the paucity of results on castings of varying compositions may be that with 
castings there are so many influences, other than composition, that affect the 
tests, the effect of which is nearly eliminated by always casting in an ingot 
mould and subsequently forging ; hence, probably, the greater attraction of 
forged material for experimenters. 

Influence of Carbon. — The influence of .carbon on iron, whether in cast 
or in forged material, is of such immense importance that, in this case, we 
shall consider, briefly, both the cast and the forged materials. Fortunately 
for the purposes of comparison, the best results on the purest materials are, 
in both cases, by the same experimenter, Prof. Arnold. In all these results 
N means normalised, that is, heated up to about 950* C. to 1000* C, and cooled 
in air ; A (annealed) means that the specimen was maintained for about 70 hours 
near 950* C, and cooled in the furnace in about 100 hours ; and U means 
unbroken. 

The table on page 288 is worthy of careful study, as it shows the influence 
of carbon on steel in castings, and it also shows that, although the pure iron 
and carbon steels may be ideal for certain forged or hardened materials, they 
are not suitable for the general run of commercial steel castings ; as, when 
the tenacity has been sufficiently raised, the ductility has fallen off* to an extent 
that would ensure their rejection, a common specification being 28 to 30 tons 
maximum stress, 20 per cent, elongation on 2 inches, and 90* bend on 1-inch 
square bar over a radius of not more than 1 ^ inch. It may be mentioned here 
that, although the drastic or long annealing improves the quality of the steel 
castings, it injures forgings of a similar composition, and one is often asked 
why this should be so. The answer seems fairly clear, for a casting, as cast, 
is in its least reliable state for its composition, and it requires long annealing 
to give it the opportunity not merely to eliminate internal stresses, but also to 
repack itself and remodel its whole constitution, as will be seen from the 
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photo-micrographs shown; while a forging has already had a compulsory 
remodelling with a very severe artificial closing up of its ranks, until distances 
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Crucible Casting, FeB, Si -02, Mn -05, S '02, P '01, Al 02. 
Forging, Si -03, Mn -02, P -02, 8 '03, Al "02. 



As cast . 
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Casting, Si -01, Mn '09, S 08, P '01, Al 02. Forging, Si -06, Mn '05, S "03, P 02, Al -02. 



As cast . 
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Casting, Si '04, Mn '06, S -02, P -01, Al . Forging, Si -03, Mn -08, S 02, P -02, Al -03. 



As cast . 
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Casting, Si -06, Mn -03, S -026, P -02, Al 03. Forging, Si -03, Mn -09, S -02, P -02, Al -03. 



As cast . 
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Forged 
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Casting, Si -1, Mn -28, S -02, P '02, Al '04. Forging, Si -07, Mn '15, S -02, P -02, Al '08. 



As cast . 
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between crystals must have been brought down very nearly to ordinary 
molecular distances, and a long annealing only allows these to become greater 
again where they have that tendency. 
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The following tests on carbon-silicon, carbon-manganese, and the remark- 
ably high tensile crucible-melted carbon-, silicon-, manganese-steel castings 
respectively are selected from an unpublished research of Prof. Arnold's, and 
given here by his special permission. They should be compared with the 
pure iron and carbon series, and with the several tests of carbon-, silicon-, and 
manganese-steel castings given in the table and in the text, and also with the 
curious nickel steel casting result and with the one marked W and B, made by 
Messrs. A. B. Winder and J. D. Brunton, in 1892, in the small open hearth 
furnace, fig. 192. 
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The Annealing of Steel Castings. — Steel castings are still sometimes 
annealed in ordinary reverberatory furnaces of the coal-fired type designed 
with the proportion of grate area to that of the bed to give a temperature 
of 1000' C. with comparative ease. They are, however, more frequently 
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annealed in a reverberatory type of furnace, but gas-fired with gas from the 
ordinary producers. The annealing recommended by Prof. Arnold for general 
work, in his paper already quoted, is to heat the castings up to about 950" C, 
keep them there for about 70 hours, and (luting up the furnace) cool as slowly 
as practicable, generally taking about another 100 hours. 

One objection to the long annealing is the very considerable scaling of the 
castings, and, for small experimental work, to minimise this Prof. Arnold 
recommends that the castings should be packed in lime in covered cast-iron 
boxes. The old annealing furnace of the Sheffield University is a coal-fired 
reverberatory type ; but recently a Clinch- J ones patent heat treatment furnace, 
embodying a simple but ingenious feature, has been installed with an idea of 




Fio. 206.— Structure of Steel Casting. 



testing its capabilities for several types of heat treatment. Pressure of 
organisation and other experimental work has prevented its being thoroughly 
tested, but preliminary trials, and the experience of Mr. Clinch-Jones himself, 
show that scaling is reduced to a minimum. Fig. 197 is from a drawing 
the patentee has specially prepared for this work, and represents his latest 
type, excepting that sloping wrought-iron fire-bars have been substituted 
for the rather troublesome step grate, and a water bosh now forms the bottom 
of the ash-pit. The fundamental idea is that while the materials are heated in 
a muffle by keen flames outside the walls of the muffle, virgin gas from the 
producer is allowed to come into the muffle and combine with all the oxygen 
that may enter, thus preventing it getting to the castings to scale them by 
oxidising them at their surfaces. 
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The principal constitutional changes that take place during annealing may 
be illustrated by the following micrographs : — Fig. 206, representing an un- 
usually perfect example of the triangular structure of this type of steel as 
cast, was first published by Arnold & M* William in Nature^ 10th November 
1904, page 32, to show that the triangular markings found in meteorites, and 
known as Widmannstatten figures, may also be found in many castings, and, in 
this case, they are very perfectly exhibited. The microstructure of the same 
casting, after annealing, is shown in the lower half circle, and the great change 




Fio. 207. — Structure of Steel Casting (Insufficiently Annealed), x 45. 

produced by this treatment is obvious. The straight^line triangular stnicture is 
generally typical of one kind of brittle casting, and th»> fact that a |-inch round 
bar bent over a |-inch radius broke at 43* when of the upper pattern, and, when 
of the lower, bent double without fracture, shows clearly how this change in 
structure has produced a very marked change in the mechanical properties. 
Fig. 207 shows the structure of a portion of a large commercial open hearth 
casting, which had originally a similar structure to the above, and was in- 
suflBciently annealed, part of the bad structure being retained and part altered, 
with the result that a 1-inch square test-piece from this casting (C.C. 0*24, 
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Si 015, Mn 0-8, P 0-04, S 005) gave only a 40* bend and broke ; while, after 
thorough annealing, its structure was represented by fig. 208, and it gave a 
bend of 101" without fracture, with a tensile test of 33 tons per square inch 
maximum stress, 30 per cent, elongation on 2 inches, and a reduction in area 
of 41 per cent. Sometimes the original brittle casting has a structure like 
fig. 209 (also from a large commercial open hearth casting of C.C. 0*3, Si 0*28, 
Mn 0*8, P 0*04, S 0*04), which gave a very poor bend, due, in this case, to 
the weakening influence of the sulpho-films in the ferrite rivers. Fig. 210, 




Fig. 208. — Same Specimen as shown in fig. 207 after Thorough Annealing, x 45. 



again, is from a similar casting (C.C. 0*27, Si 0-2, Mn 0-9, P 0-04, S 0-04), 
giving in tension a maximum stress of 30 tons, 32 per cent, elongation on 2 
inches, 50 per cent, reduction in area, and a bend of 100* without sign of 
fracture. In this case it is important to notice that all trace of the triangular 
structure has gone, and the sulpho-films are balled up into the practically 
harmless form of little blebs. Unfortunately, with this type also, annealing 
does not always ball up these films, and fig. 211 represents the structure of a 
casting of general composition, C.C. 0-23, Si 0*2, Mn 1*0, P 0*04, S 0*05, which 
very stubl)ornly resisted balling up by ordinary aimealing; for, after the 
usual process, the sulpho-films can be seen to retain their continuity in some 
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cases, while in others they are balled up, and in yet other cases, all in the 
same field, they have merely segregated sufficiently to break the continuity by 
forming little elliptical masses with, however, their longer axes still in line, so 
that the bend was only 49*. Fig. 212, C.C. 06, Si 027, Mn 07, S 006, P 006, 
shows large groupings of ferrite and pearlite individually small, with large 
divisions of ferrite between ; but with an evil-looking sulphide villain at the cross 
roads resulting in the inferior tensile test of elastic limit 20 tons, maximimi stress 
31 tons, elongation 6 per cent, on 2 inches, reduction in area 7 per cent., and 
a bend not even worthy of being recorded. Fig. 213 is also of interest, as 




Fio. 209.— Structure of Steel Casting with Rivera of Ferrite and Sulpho-tilma. x 45. 

showing a similar case in a high carbon casting of C.C. 0*5, Si 0*25, Mn 1 -0, 
P 0*06, S 0*05, with an elastic limit of 25 tons, a maximum stress of 43 tons, 
elongation and reduction m area each 10 per cent, and a bend of 25'. Only 
three examples of the good to several of the diseased have been given, as, 
although the former might be multiplied indefinitely from everyday work, it 
is when the latter are found that a study of their present state, and the 
conditions under which they have been formed, are of the greatest value to 
those who would produce the l)est, and it is a necessary study, for it is only 
in works in fairy-tales that such examples never occur in connection with the 
extremely difficult but fascinating art of producing first-class steel castings. 

Not only is there this general change in the form and grouping of the 
constituents, but the pearlite is different in itself, long annealing generally 
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causing its striae to become better defined. This change is in many cases 
beneficial, but in others it may be harmful, as in castings of saturated steel, 
and therefore entirely composed of pearlite. While eliminating internal 
stresses, and readjusting crystallisation, it may cause a new brittleness due to 
the lamination of the constituents of the pearlite (see fig. 232), but this may 
be removed, without reintroducing the other evils, by heating the casting to a 
fair red heat above Acl (about 730" C.) and cooling in the air, as, usually, 
they are not large castings (see fig, 233). 




Fig. 210.— Structure of Steel Casting with Sulpho-films Balled up. x AtK 

The authors have made castings for the market of an ordinary turning 
tool mixture, free from blowholes, by the use of aluminium ; these were used 
without annealing, as, having only to stand being pressed through thin 
material, annealing would have deteriorated them for their work. Also castings 
of self-hard mixtures, such as the Martino steel ciistings, will obviously not 
require the customary treatment of ordinary steel castings which are annealed 
to give them ductility, but must be treated according to the usual well-known 
needs of self-hard steels. If such ctwtings are to be tooled, they must be annealed 
to soften them, as they are dead hard when they cool from the mould ; but a 
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twelve houi-s' annealing should generally suffice, remembering never to draw the 
castings until they are cold enough to handle quite comfortably, or they will 
sensibly harden to the tool. After tooling, they may be re-hardened by suitably 
heating the cutting parts, or the parts required hard, to a temperature depend- 
ing on the nature of the steel, and cooling again as directed by the makers, 
say, in a blast of air, in hot water, or in a moderately thick (viscous) oil. 

Crucible Process. — In the manufacture of steel for castings by the 




Fio. 211. —Structure of Steel Casting with Sulpho-films mrtly Continuous, partly 
Elliptical with long axes in line, and partly Balled up. x 45. 



crucible process, roughly, the resulting steel (as poured into the mould) has 
the mean composition of the material charged. There are, however, certain 
small changes during the process, which are important when making to a 
specification between narrow limits, and, without doubt, important also in 
their influence on the steel itself. There may be either an increase or a 
decrease in the percentage of carbon over the calculated composition, and the 
amount of this variation must be found for the particular circumstances. If 
melting is effected in a plumbago crucible, the carbon will increase, and the 
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probability is that the increase will be less from the new crucible onwards 
during successive meltings. With the ordinary Sheflfteld pot, and materials 
free from rust, the carbon comes practically to calculation, with, perhaps, Br 
slight increase in the first round and decrease in the third, but for the general 
run of casting specifications practically negligible. The silicon and manganese 
are subject to important variations. As an example, a mixture calculating to 
•06 per cent, silicon and 0*6 per cent, manganese as charged, when melted 




Fig. 212. — Struoture of Steel Gastiug showing Ferrite, Pearlite, and Sulpho-films and 

masses, x 45. 

with care by a good melter and killed by fire, that is, left in the hole for 30 
minutes or so after being thoroughly fluid, will analyse in the casting about 
0*12 per cent, of silicon and about 0*35 per cent, of manganese, taking actual 
figures. The manganese most probably decomposes some silica, in the form of 
a silicate borrowed from the crucible round the ring at the surface of the 
molten metiil, and throws silicon into the steel, while the manganese itself 
suffers oxidation. Thus, 

2Si02 + Mug = 2MnO, SiOg + Si. 
110 28 
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If this be the reaction, then the "06 of silicon added must have been the 
cause of 0*24 per cent, of manganese being oxidised, and it wilt be seen that 
0-60 - 0*35 = 0*25 per cent. Mn has gone. Any oxygen that may be present 
in the steel, or that has been admitted while the lid was off for inspection, 
may be taken up either by the silicon or the manganese ; but it will be seen 
later that, even in the open hearth, Si and Mn may be reduced from the 
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Fio. 213.— Structure of Steel Casting showing Ferrite and Pearlite. x 46. 



slag by carbon from the molten steel. Another explanation is that the 
Mn is oxidised to MnO, which attacks the crucible, forming manganous silicate, 
and that the carbon of the steel reduces silicon from this slag. Whichever 
be the true explanation, the facts are clear, for the longer the molten steel is 
kept in the crucible the more manganese is eliminated and the higher the 
silicon becomes. During the process of melting, the sulphur invariably 
increases, with ordinary commercial cokes containing from -75 to over 1 per 
cent, of sulphur, and, as a guide, with coke about 1 per cent., the increase in 
sulphur will run to something like 0*015 per cent, while a particularly bad 
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coke of 1*75 per cent, sulphur has given an increase of over 0*02 per cent, 
sulphur. Also, when inferior coke dust high in sulphur is used in making the 
crucibles some of its sulphur is taken up by the charge. The phosphorus 
in the casting will be practically the same as by calculation from the mixture. 
To sum up, under normal conditions, with a clay crucible, the carbon shows 
little and the phosphonis no variation from the calculation, the sulphur and 
silicon an increase and the manganese a decrease. While the figures give 
an idea of the respective magnitudes of the differences and an insight into 
the nature of the changes in crucible melting sufficient to make a very good 
first trial for a casting to specification, they should bo taken mainly as a 
warning of the changes that do take place ; and as the amounts vary 
with the varying conditions of melting, and, for the same conditions of 
melting, with charges of varying compositions, the alterations for the 
special case in hand should be determined by trial charges. 

The crucibles for steel melting are made of a mixture of the best fire-clays, 
with a small proportion of coke dust from the best quality melting coke ; 
after the required amount of water is added, they are well mixed, and, finally, 
systematically trodden by the bare feet in a way that produces a quality of 
crucible that has not yet been produced at the same cost by any mechanical 
process. The clay is then divided with the spade into lumps suitable for 
one pot each, and these are carefully adjusted to weight, so that the exact 
amount necessary for one pot may be worked on a table until the potmaker 
satisfies himself that he has released all entrapped air. The ball is then 
thrown into a well-oiled flask, oiled with a kind of crude petroleum, and the 
plug is forced down into the clay until the guide pin of the plug enters the 
hole in the bottom of the flask, when the plug is driven home by blows from 
a heavy wooden mallet. The plug is withdrawn, the top of the crucible 
shaped with a hand tool, the flask lifted on to a stand, eased and then 
dropped, leaving the crucible standing clear. The crucible is lifted on to a 
board holding two, and these are taken away to air-dry. They should be 
allowed to dry for several weeks, and then, the night before they are required, 
they are placed mouth down in an annealing grate, a rectangular cavity of 
suitable grate area to pack the desired number of pots side by side with a 
slight clearance between them and a few inches deeper than the pot, while the 
bars are set as close as rough-cut 1 J-inch square wrought-iron bars will go. 
This grate is started with a thin layer of small cold coke on the bars, a thin 
layer of hot on that, a thin layer of cold, the pots laid on mouth down, filled up 
with small coke to a few inches above the pots and left, when it will be at a red 
heat in about twenty hours or so. It is obvious that the pots made by the plug 
and flask worked by hand have a hole in the bottom ; but sometimes, although 
the refractory mixture is trodden by foot, it is shaped by machines, and then 
there is no hole in the bottom. This latter is the type used for gas crucible 
holes. 

In the morning a coal fire is made on a special grate, two stands carefully 
placed on the bars in each hole, some red-hot fuel from the grate put in, and 
coal on the top. When the fires have fairly started, the stands are cleared 
with a scraper, a sprinkling of sand thrown on, the crucibles drawn from the 
annealing furnace and placed on the stands, the lid put on, a little more coal 
added, the fire allowed to bum up for about five minutes, and then steel-melting 
coke thrown in till level with the lids. If the pots have a hole in the 
bottom, when they have attained a good heat, a generous double handful of a 
fairly refractory red sand is thrown in to make a solid bottom to the crucible, 
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while the spriukling on the stand cements the crucible and the stand together. 
A firing of coke is put on, and when the sand is set hard and the crucibles 
have attained a good heat the mixture is charged into them, the lid put on, 
and cokes added to well above the lids. If the steel is to be killed by fire, 
one firing will be required after the mixture is clear melted; but if by 
aluminium, then about 0*03 per cent. Al, or \ oz. to 50 lbs., may be added 
to the charge whenever it is clear melted, and the charge poured as soon 
as possible. By this process about 2J to 3 tons of coke are required to 
melt 1 ton of steel, but the steel is the whole time surrounded by a 
reducing atmosphere. An ordinary casting mixture will take about four 
hours in the first round and three-and-a-half in the second. In the gas 
crucible process, the ordinary Siemens regenerative principle is adopted, and, 
instead of an open hearth, crucibles are used to hold the charges. The 
temperatures of individual charges are not under such good control as with 
the coke crucible, and the melting is done in a distinctly oxidising atmosphere, 
as seen from the extra slag produced in melting and the fact that crucibles 
from the same mixture are black through in fracture after use in the coke 
holes, while the fracture is partly white when they are used in the. gas holes. 
Whether this has any deleterious influence ou the properties of the castings is 
not yet known. The fuel consumption with gas holes is about 22 cwts. of 
coal per ton of steel melted. 

The crucible is always cut away at the surface of the liquid metal, and 
hence the desirability of reducing the weights for each successive charge by 
4 to 6 lbs. Thus, if 56 lbs. be the weight for the first round, 52 lbs. would be 
advisable for the second and 48 for the third, so as to have the cutting action 
on the crucible at a different level in each round. The life of a plumbago 
crucible is very variable, but the Sheffield crucible cracks in cooling, and lasts 
the three rounds of one day's work, or occasionally, in times of stress, even four 
rounds. The kind of materials suitable for steel casting mixtures is obvious. 
They must calculate out to the carbon required, to not more than the 
phosphorus, and rather less than the sulphur in the specification. The silicon 
is generally added by using high silicon pig or ferro-silicon, the manganese by 
the use of ferro-manganese or spiegel, and the charges are calculated as already 
shown in the case of cupola charges. 

Acid Open Hearth Process. — For the acid open hearth process of steel 
making in the Siemens regenerative furnace, Siemens originally proposed 
melting on the hearth of the furnace pig-iron of suitable composition, having 
a covering of slag and gradually eliminating the carbon, silicon, and manganese 
by the oxidising action of ore (Fe^Og) added to the slag. Martin used a 
mixture of pig-iron and scrap, and the method almost universally employed to- 
day is a combination of these, the Siemens-Martin or pig, scrap, and ore pro- 
cess, in which a mixture of pig and scrap, in proportions generally somewhere 
between 65 per cent, pig to 35 per cent, scrap and 30 per cent, pig to 70 per 
cent, scrap, is charged, melted with a covering of slag, and purified by the 
addition of ore to the slag. 

The general features of the process are, that, after melting down, the bath 
being well covered with slag, if not from materials formed during the melting, 
then by the addition of some slag from a former heat, the slag is brought into 
a fluid and (for the acid process) a basic condition by the addition of a compara- 
tively large proportion of ore. The fining of the charge takes place at this 
stage ; and the silicon and with it the manganese are oxidised into silica (SiOg) 
and manganous oxide (MnO) which pass into the slag, while but a little of the 
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carbon is removed. Then continuing suitable additions of ore to keep the slag 
in a thin or limpid and basic condition, the carbon begins to be attacked, and, 
coming off in the form of carbon monoxide, produces a bubbling action 
in the slag, when the bath is said to have come " on the boil." The carbon 
monoxide gas may often be seen burning to carbon dioxide as the bubbles 
break. At a stage of the boil dictated by experience, or, if there has been no 
experience, early enough in the process, after well rabbling, spoon samples 
well covered with slag are taken out, cooled slowly to below the carbon change 
point, then cooled off more rapidly, and either broken to judge the carbon by 
the fracture, or drilled for its estimation by the colour test. If the last few 
samples showed that the carbon is going down at the rate of, say, 0*15 per 
cent. C. per hour, and a carbon report 0*35 per cent, is handed in 15 minutes 
after the sample was taken, allowing another 5 minutes before the ferro- 
manganese could be added, making 20 minutes or one-third of the hour, the 
bath would now probably be one-third of 0*15, or 0*05 lower in carbon, or 
0*35 - 0-05 = 0*30 per cent. The ferro will, however, add some carl)on to the 
bath, and the amount should be calculated as already shown. Say it comes to 
about 0*1 per cent., this would make the bath 0*30 + O'l, or 0*4 per cent. C, as 
tapped. Again, taking the problem the usual way it occurs, required the 
carbon the last sample should show^ if the bath is to be tapped at 0*45 per 
cent. It is obvious that the carbon in the deciding sample should be equal to 
the carbon desired in the castings - the carbon added by the ferro + the probable 
fall during the time from taking the sample to reporting and adding the 
ferro. The ferro may be added either in the furnace or in the ladle. If in 
the furnace a loss of 40 per cent, may Ikj allowed for, and finishing with a good 
quiet acid slag the loss to a great extent depends on the time between adding 
the ferro and tapping. If the ferro be added to the ladle as the stream runs 
in, the loss of manganese may be even less than 20 per cent. ; but here, 
again, only a general idea from one's own experience can be given, and for 
striking a particular composition in the casting each one should determine the 
amount of the loss under his own working conditions. 

The steel is then tapped by breaking through the tap hole in the fixed form 
or by partly rotating the hearth in the tilting form ; it runs down the spout or 
lander into the ladle, from which it is transferred to the moulds by bottom pour- 
ing by means of the swan neck and stopper, as shown in fig. 27. A mean normal 
loss in the process may be taken at about 5 per cent, on the metallic charge. 

In considering the reactions in the acid process it must be remembered that 
a quiet slag is mainly ferrous and manganous oxides, with something like 50 
per cent, silica, and the ore added will soon dissolve in the slag, probably as 
magnetic oxide (FcgO^). This may attack silicon in the bath ; thus, 

Sig + FegO^-Fcg-i-SSiOg 
28x2 = 56 56x3 

in which case it is evident that the removal of one part of silicon from 
the bath would tuld three of iron to it, and thus be a good exchange. The 
reaction may also stop thus, however. Si -f- 2Fe304 = SiOg + 6Fe(), and 
silicon, from the bath may merely reduce the magnetic to ferrous oxide, 
when the ferrous oxide will join with the silica formed and some from the 
furnace or in the slag and give rise to ferrous silicate. The one reaction 
obviously tends to make the slag more acid, while the other leaves it basic, and 
it is probable that both reactions actually take place. Generally, the carbon 
is very little attacked until the silicon and manganese are much reduced in 
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amount ; while, after this, the carbon is also gradually eliminated, although 
sometimes it was found that the steel at the end was much higher in silicon 
than in others. This point was very fully investigated by A. M* William and 
W. H. Hatfield, who gave some of their results in their paper, " The Elimination 
of Silicon in the Acid Open Hearth," Iron and Steel Inst, J<mm., 1902, No. 1, 
pp. 54 to 78, in which they show that, although the above generally accepted 
explanation is true when the slag is kept sufficiently basic, if the slag be 
allowed to become acid the carbon may still continue to be removed ; but that, 
instead of being removed by reduction of oxide of iron, part of it at least 
reduces not only silica but also manganous oxide from the slag ; so that, while 
the carbon still continues to fall, silicon, and even manganese, are thrown back 
into the bath, a discovery sufficiently startling to draw from Prof. Ledebur of 
Freiberg the remark " that manganese could be reduced from a slag so rich 
in silica was scarcely to be imagined, especially under the oxidising influences 
of the open hearth." The result, however, was fully confirmed by Mr. Lange 
of Gorton, after receipt of the usual advance copy of the paper mentioned, and 
has since been many times repeated. Full details are given in the paper ; but it 
may be said that, after the fining stage was over and under their conditions 
of working, a slag containing 51 per cent, of silica was thin and active and 
kept the silicon and manganese low ; while with 57 per cent, of silica it was 
thick, and silicon- and manganese were both increasing in the bath, while 
somewhere near 54 per cent, of silica was about the balance point between 
the two. The following table and curves, taken from the same paper, are worthy 
of careful study, and in connection with it the authors remark : "It is interesting 
to note that, about an hour after melting, the carbon is 1*55 per cent., the 
manganese 0*1, and the silicon 0*05. At 1.30, when the thinnest slag has 
had a short time to act, and is just l)eginning to thicken again, the analysis is 
C.C. 0-86, Mn 004, Si 002. The slag is now allowed to thicken for two and a 
half hours quietly and steadily from reduction of base, and the analysis of the 
sample then shows C.C. 0*38, Mn 0*1, and Si 0*09 per cent. ; then, with the 
suitable thinning of the slag again, all three elements are steadily eliminated 
until the final sample, just before adding the manganese, contains C.C. 0*14, 
Mn 0*065, Si 0*025 per cent. The percentages of silica in the slags corre- 
sponding to the last three samples are 53, 57, and 53 respectively." 
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Finished steel, C.C. 0-31 ; Si 0*045 ; Mn 0*58. 

Tensile 2*«s^. —Maximum stress, 35 tons per square inch ; elongation, 28 per cent in 2 
inches ; reduction in area, 49 per cent on the forged sample. 

Specificalion, — Maximum stress, 33 tons per square inch ; elongation, 25 per cent in 2 
inches ; reduction in area, 40 to 45 per cent 
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Steel of almost any desired carbon content for castings may be made by 
running down to dead mild and bringing the carbon up by adding a calculated 
quantity of pig of known composition, a process known as pigging back ; but 
to stop the process at any desired percentage of carbon, a slowing down of 
the elimination process is necessary to obtain a quiet metal with ttie carbon 
within fine limits. The slag is thus allowed to exhaust itself of ore suflBciently, 
and thus to become comparatively acid, which, if the balance point be passed, 
results in a slight gradual increase in silicon ; this, although it must be kept 
low for some forged matorial specifications, is not at all undesirable for metal 
for the great majority of stoel castings, as it helps to give a quiet metal and 
to prevent the formation of blowholes in the castings. 

Mr. Brinell, the great Swedish metallurgist, has published the results of 
his extended researches on " The Influence of Chemical Composition on 
Soundness of Steel Ingots," which ingots are, after all, steel castings cast in 
chills. He showed that in his practice, as a preventive of blowholes, taking 
the elements as foimd in the steel, and using manganese as his standard, 
silicon is 5-2 times, and aluminium, if any present, is 90 times as 
powerful. Hence, multiplying the percentage of silicon by 5*2, and that of 
aluminium in the steel by 90, and adding the results to the manganese present, 
he obtained a number which he called the density quotient, of such a nature 
that for the same density quotient he obtained the same type of ingot ; for a 
lower quotient one with more blowholes ; for a higher, one with fewer blow- 
holes. A. M* William and W. H. Hatfield, in a paper given to the Iran and SUel 
Inst Jottm.y 1904, No. 11., pp. 206 to 220, on "Acid Open Hearth Manipulation," 
state that their "general experience had corroborated that of Brinell ; but during 
the progress of their research they made the interesting discovery that those 
charges treated to one hour's thickening of the slag required a lower density 
quotient than that for normal heats to give a certain type of ingot ; charges 
treated to two hours' thickening required a lower number still ; while in a 
heat run specially fast, and finished with a much higher density quotient, the 
ingots corresponded to a lower number. The following figures are given 
tentatively as a matter of interest, for they appeal to the writers as being of 
considerable importance, and they are engaged in following the matter up 
through this and other channels : — 

I " " : r i 

I Treatment of Chaige. ' Density Quotient. I Type of Ingots. | 

Thickening, 24 hours, .1 0*814 | good 

Thickening, 1 1 hours, . ! 1 '000 i good 

Ordinary, ... 1*86 t good 



The matter is quoted here, as it seems to give another point in the clearing 
of open hearth practice, and shows that all does not depend on the final 
composition as given in a * complete ordinary' analysis, but that there is 
importance in the history of the charge before it has attained to that composi- 
tion. Also it might perhaps become of interest if sound castings were wanted 
with smaller amounts of silicon and manganese and without the use of 
aluminium." 

It is evident that, as the nearer the bath of metal comes to pure iron 
the higher is its melting point, the temperature must l>e kept up to suit 
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the composition of the bath. The fuel consumption runs from about 7 to 12 J 
cwts. of coal per ton of steel melted, and the average loss is about 3 to 5 per 
cent, on the metallic charge ; for, although a suitable pig may only contain 93 
per cent, of iron, or a 2 to 1 mixture 95 per cent, of iron, and some must be 
oxidised during • melting down, there is undoubtedly some exchange of iron 
from the slag for silicon or manganese or carbon, when the molten material is 
under its covering of slag. When considering suitable metal for the process, 
the mixture of pig and scrap must be as low in sulphur and phosphorus as 
the requirements of the specification ; but otherwise there is a great freedom 
of choice, although, if the sulphur be low, this generally means fairly 
high silicon in the pig, which will then carry a good proportion of scrap. 
The ordinary English Siemens pig is generally mixed Bessemer numbers 
(see table on p. 227), running over 2 per cent. Si, under 1 per cent, manganese, 
with sulphur and phosphorus, say, about 0-06, but depending on the specification 
for the castings. 

Basic Open Hearth Process. — The basic open hearth process is worked in 
a similar furnace to the acid, only the bottom is made of some basic material, 
as already described. Suitable pig and scrap are melted, or, in some cases, 
direct metal is charged on to the hearth, and lime and ore are added, for in 
this case a highly basic slag is maintained, and ultimately the carbon, silicon, 
manganese, and phosphorus are oxidised, and sometimes also a proportion of 
the sulphur is removed. As before, there is a fining stage, and then the boil, 
when practically all the carbon and phosphorus are eliminated by additions of 
ore and lime ; and, during the process, if the ore be low in sulphiir, and fluor 
spar be used to thin the slag, a proportion of the sulphur may be removed. 
20,000 tons of fluor are said to have been used for steel-making purposes in 
U.S.A. in 1905. It will be seen that as the phosphorus must be brought 
low, and, if present in quantity, it is the last to go, all the elements, carbon, 
silicon, manganese, sulphur, and phosphorus, must be brought low, and if 
carburising material be added in presence of the slag, some of the phosphorus 
is apt to return to the metal ; hence, the steel must be tapped to separate 
the slag, or, in the tilting form, the slag is poured off and the carbon raised to 
the desired extent by adding ferro or spiegel or by the Darby process of 
passing into the metal a known weight of charcoal. 

For the basic process it is obvious that the charge should be low in silicon, 
for this forms the acid oxide, silica, which would either attack the bed or 
banks or require a large amount of added lime to keep the slag sufliciently 
basic. Sulphur, nearly as low as specified for the castings, is also required, as 
sulphur elimination is not very reliable, is expensive, and bad for the banks. 
The phosphorus may be almost anything in reason, only the higher the 
phosphorus, the longer the purifying process is said to take. Manganese is 
usually high in the real basic pigs, owing to the needs of the blast furnace in 
making low silicon pig, with low sulphur and coke as fuel ; but the manganese 
helps the elimination of sulphur, although excess is wasteful, as it is oxidised 
and passes into the slag, the amount present generally being 1^ to 2 per cent. 
As an example, a common specification is silicon less than 0*9, and sulphur not 
more than 0*06. Talbot, in his basic continuous process, claims a yield of 105 
per cent, on the metallic charge. 

The Bessemer Process and its Modifications.— There only remains the 
Bessemer process in which pig-iron is purified by a blast of air, and, with an 
acid or a basic lining respectively, the same elements are eliminated as in the 
corresponding open hearth processes. Molten pig-iron, either direct from the 
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blast furnace, or after remelting in a cupola, is delivered into the hot vessel, 
hot from a previous blow or heated by a fire or by a gas or an oil flame. Air 
is made to act upon the liquid pig-iron by being blown from imderneath 
(ordinary Bessemer), from the side (Robert), or along the surface (Tropenas) ; 
and the air in oxidising carbon, silicon, and manganese with an acid, and 
carbon, silicon, manganese, and phosphorus with a basic lining, at one and the 
same time purifies the metal and raises its temperature to the desired extent. 
In the acid process, the sulphur and the phosphorus in the pig must be slightly 
less than in the specification, for as, in this case, the oxygen in the air merely 
combines with the impurities and carries them off or leaves them in the slag, 
there is no exchange of iron for impurity, as in the open hearth process ; and, 
altliough the impurities oxidised supply the necessary heat, they are a dead 
loss in weight, the loss amounting in some cases to as much as 20 per cent. 
Hence, as there is no elimination of sulphur and phosphorus, and the amount 
present is concentrated in a smaller total, the sulphur and phosphorus in the 
pig must be less than required in the casting. The skill in the working of 
this process, then, is addressed to charging a composition of metal, which, 
imder the special circumstances, shall bring the bath to the temperature re- 
quired for the sizes, number, and types of castings to be made, when the proper 
degree of purification is reached. Ledebur has calculated that the rise in 
temperature of the bath, due to the combustion of 1 per cent, of each of the 
constituents, is as under: — silicon, 300* C. ; phosphorus, 183* C. ; manganese, 
69* C. ; iron, 44* C. ; carbon, 6* C. It will be seen that silicon is of the chief 
importance ; and generally, in the acid process, it is mainly to the alteration 
of this element, the others remaining approximately constant, that change 
of composition for different conditions is directed, except in Swedish 
practice, in which a considemble proportion of the heat is supplied by the 
oxidation of manganese. In ordinary English Bessemer practice, 2i per cent, 
silicon is a fair average with ^ to 1 per cent, manganese ; in American, with 
very hot fluid metal and quick working, 1^ per cent, silicon would be nearer 
the average; while in Sweden, for many purposes, as much as 2 per cent, 
manganese is used with a comparatively low silicon. 

In the basic process, a minimum of silicon is desirable, because of the 
slagging effect of the acid oxide, silica, on the basic lining, and therefore only 
suflicient is used, with the manganese also present, to keep the bath in good 
condition until the carbon has all gone, when, during the after-blow, the 
period of the blow after the flame has dropped, the phosphorus is oxidised, 
and, if the right amount be present, the bath is thus brought to a temperature 
suitable for finishing the heat and pouring the necessary avstings. 

The authors are fortunate in obtaining from the well-known American 
Tropenas expert, Mr. Arthur Simonson, the following detailed description of 
the Tropenas process. Mr. Simonson is a son of Sheffield, was trained in its 
Technical College, and took his first practical steps in its works : — 

The Tropenas Process. By Arthur Simonson, Philadelphia, U.S.A. — 
Historical. — The Tropenas process was patented by Alexandre Tropenas 
of Paris, France, in the beginning of 1891 ; and the first converter, having a 
capacity of 800 pounds, was erected at the works of Edgar Allen <fe Co., Ltd., 
in Sheffield. Results obtained from this baby converter, under the most trying 
circumstances of inexperience, smallness of the apparatus, etc., were so 
encouraging that a larger vessel, of two tons capacity, was very shortly erected, 
and the process at once became a commercial success. Since that time, by 
virtue of its intrinsic merits, it has progressed, until, at the present tin^e, out- 
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side of the open hearth and Standard Bessemer processes, it is, probably, the 
largest producer of steel. About 1898 it was introduced into the United 
States, where it has met with great success, having been adopted by the 
Government, and used in two navy yards and one arsenal. Altogether, in the 
United States at this time there are over twenty converters in use in about 
fifteen plants. 

Object and Scope of the ProceBB. — The object of the Tropenas process is 
to fill a field left vacant by the other processes in use. To ascertain what this 
field is it will be necessary to look at the other processes and see what are 
their limitations. First, we have the open hearth process, supreme for the 
manufacture of large castings and heavy tonnage, but, needing to be kept 
going continuously night and day ; the plant is very costly, and it is but ill 
suited to the fluctuations of trade. On the other hand, it is probably the 
cheapest process to operate when installed on a large scale and operated to its 
full capacity. The crucible process, while it makes the very highest grade of 
steel, has a very small capacity and very great cost of production. The 
Tropenas process occupies an intermediate position, and while it necessarily 
has its limitations it fills a wide and increasingly large field. It is exceedingly 
elastic, accommodating itself to changes in the volume of business with great 
economy. It produces hotter steel than any other process, gives great facility 
in handling, and produces small quantities at a time — two tons being the 
standard capacity — making it unnecessary to have a great quantity of moulds 
ready at one time, and thus reducing the amount of floor space required. The 
steel may be carried long distances in hand ladles or shanks, and poured 
into small and complicated castings, which replace forgings, ihalleable and 
grey iron castings. The development of automobiles, motor boats, and other 
enterprises calling for inunense power to be developed in engines of small size 
and weight, has largely been made possible by the aid given to the designer by 
the Tropenas process. 

Bescription of Plant and Process. — The Tropenas process consists, essen- 
tially, in the melting of a chemically calculated mixture of pig-iron and scrap 
in a cupola, the transference of the molten material to a special type of con- 
verter and its conversion to steel therein. The reactions of the process are 
identical with those of the Bessemer and open hearth processes ; it is only in 
the manner of producing the reactions that there is any difference. The object 
being to produce very hot steel, as nearly free from occluded gases as possible, 
the converter is designed to conserve and increase the heat as much aa possible, 
and, by preventing ebullition of the bath, to keep out any gases not necessary 
for or not caused by the decarburisation. In this, in particidar, lies the 
fundamental difference between the Tropenas and all other pneumatic processes ; 
mechanical disturbance, gyration or ebullition of the bath is reduced to the 
minimum. In all the other processes the aim is to cause as much disturbance 
of the bath as possible, allowing the air to penetrate to every part of the mass. 
Tropenas found this was not necessary, and that better steel was produced by 
its omittance. The converter in general shape is similar to a Bessemer con- 
verter, the main difference being in the location and description of the tuyeres. 
A good general idea of the shape of the converter is given by the illustrations, 
figs. 215 and 216. Fig. 215 is a photograph of the converter, and fig. 216 
shows a horizontal and vertical section, giving the disposition of the tuyeres 
and the approximate angle at which blowing takes place. The operation is 
somewhat as follows : — 

The cupola practice is exactly the same as grey iron foundry practice, except 
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that the slag hole is fixed at such a height that the necessary amount of iron 
is contained in the cupola when melted up to that height ; this is found by 
one or two experiments. The requisite amount of iron being melted, it is 
transferred to the converter and skimmed clean of slag. The position of the 
converter is then adjusted so that on looking through the tuyeres the metal 
is seen to reach exactly to the lower edge of the circular bottom tuyeres. It 
must not rim into the tuyeres ever so slightly, but must at the same time be 
well up, so that the blast entering will skim along the exact surface. At this 
stage the vertical axis of the converter should make an angle of from five to 
eight degrees with the vertical. A little iron should be put in, or taken out, 
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Fio. 215.— Tropenaa Plant. 

till this angle is reached. Blast from a blowing engine or rotary positive 
pressure blower is then turned on through the lower tuyeres only, the upper 
ones remaining closed at this time. The pressure is about three pounds. At 
the commencement, sparks and smoke are emitted from the mouth of the con- 
verter for about four minutes, if the composition of the iron is correct and it 
has been melted hot in the cupola. At the end of this time, the temperature 
having risen, a flame appears, which gradually increases in size and brilliance 
until, after about ten minutes' blowing, we have what is known as the boil. 
After a few minutes this dies down considerably, and the blow remains quiescent 
for a time. Then the flame increases in size once more, attains the maximum 
brilliance, and, finally, dies down for the last time. This is the end of the blow, 
the carbon, silicon, and manganese being reduced to their lowest limit. The 
converter is turned down, the blast shut oflF, and a weighed amount of ferro- 
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silicon, ferro-man^nese, or silicon-spiegel added to recarburise the steel to the 
desired point. This is, properly speaking, the end of the Tropenas process. 

Handling of the Product. — ()n account of the high temperature of 

Tropenas steel there is great latitude in its manipulation. Its freedom from 

thin, watery slag, and its great fluidity, enable it to be poured over the lip of 

the ladle, insteml of having to use bottom pouring ladles. This gives great 

control over casting temperatures and speed . of 

pouring. It may be carried around in shanks or 

hand ladles, and a great number of moulds poured 

with one ladle. There is no excuse for running a 

mould short, as the operator can always see the 

amount of steel he has in the ladle. 

Important Claims made for the Process. — 
1. The form of the bottom of the converter gives a 
greater depth in proportion to the surface area and 
cubic contents than in any other pneumatic process, 
preventing the disturbance of the bath when blowing. 

2. The symmetrical position of the tuyeres from 
the centre tuyere prevents any gyrating or churning 
of the bath. This is directly opposed to all other 
processes. 

3. The special position of the bottom tuyeres 
during blowing, so that they are never below the 
surface of the bath, reduces the power necessary for 
blowing, as only enough air is introduced to make 
the combustion and not to support or agitate the 
bath. 

4. The oxidation of the metalloids takes place at 
the surface only, the reaction being transmitted 
from molecule to molecule without any mechanical 
disturbance. 

5. The addition of a second row of tuyeres 
completely bums the CO and H produced by the 
partial combustion of carbon and the decomposition 
of moisture introduced with the blast, and this 

increases the temperature of tlie bath by radiation. 

6. Very pure steel is obtiiined, as the slag and iron are not mixed 
together. 

7. There is a mininumi of waste on account of the bath being kept com- 
paratively quiet. 

8. Less final addition is needed on account of the purity of the steel and 
its freedom from oxides. 

Chemistry of the Process. — No fuel is needed in the converter, the metal 
being introduced in a liquid state and the subsequent increase of heat being 
brought about by the combustion of the metalloids which it is desired to 
remove. These elements are silicon, manganese, and carbon, of which silicon 
is the most importint, ^contributing by far the greatest part of the usefid 
heat. It is therefore necessary that the composition of the bath before blowing 
should be that which has been fotuid to give the best results. No particular 
mention is mjule of sulphur and phosphorus, except to say that they are as 
imaffocted liore as in any other acid-lined furnace, and the content of these 
elements in the finished steel will depend on how much the melting stock 
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contains. Thecnpola mixture generally consists of low phosphorus pig-iron 
and steel scrap, consisting of runners, risers, and waste from previous heats, 
and as much as 50 per cent, of scrap may be carried successfully. They must 
be mixed in proportions such that the analysis, after melting, will be : — 

Silicon, 1*90 to 2*25 per cent. 

Manganese, . . '60 to 1*00 „ 

Carbon, about, ... 3 „ 

The result of low silicon is to make the blows colder, and of high silicon 
to make the blows unduly long and increase the wear on the lining. Man- 
ganese should be kept within the limits specified, low manganese tending to 
make the slag thick, and high manganese making the blow sloppy and corroding 
the lining. 

During the first period of the blow the silicon chiefly is oxidised and the 
carbon changed from graphitic to combined. The manganese is the most 
active element in the middle of the blow, being most rapidly eliminated at the 
boil. The last period is the carbon flame, and the indications are so plain 
that it is feasible to stop the blow^ before all the carbon is burned out, thus 
reducing the amount of carburiser needed. In addition to these elements 
a certain amount of iron is unavoidably oxidised, and the total loss of all 
elements included is about 12 per cent. 

Converter Linings. — The converter is generally lined with an acid, that 
is, a silica lining. Successful experiments have been made with a basic or 
dolomite lining, but it has never been developed commercially. The lining may 
be made in a variety of ways. Special shaped blocks made to fit the converter 
may be used, or the regular standard brick shapes. This is a matter of choice, 
but the material must be of the highest grade silica stock, burnt at the 
highest passible kiln temperattire. They usually contain from 95 to 97 per 
cent, of SiOj, and are practically free from lime and magnesia. 

Another method frequently used is to ram groimd ganister around a 
collapsible form. This is probably the cheapest method. Before making the 
first blow the converter is made white hot by means of coke or fuel oil. 



CHAPTER XXXIII. 

NOTES ON METALS OTHEE THAN lEON, INTEOBUGTOEY 

TO ALLOYS. 

The metals themselves in a state of purity, even of commercial purity, are 
seldom used for the making of castings. That the influence of impurities or 
admixture on metals is great is a fact brought prominently forward at every 
turn of experiment and by every memory of experience. Still, the changes, 
though in many cases profound, are seldom revolutionary ; and as they are, of 
whatever magnitude, still changes in the properties of the main constituent, 
it is well to consider the properties of at least the commercially pure samples 
as preparatory to the study of alloys. In the case of iron it has already 
been indicated what a very large amount of skill and patience has been 
expended on that metal, most difficult to prepare in the pure state, to obtain 
the values for its mechanical and physical properties as a foundation for 
comparison with those of its varieties, wrought-iron, steel, cast-iron, and 
malleable cast-iron. From this point of view the properties of such metals as 
copper, zinc, tin, lead, nickel, ahuninium, and silver are of interest as the 
bases of various alloys used in the cast state. A word also may be said about 
antimony, bismuth, and mercury, used to some extent in modifying alloys, if 
only for the purpose of recognising them among other metals. An extensive 
experience in determining various properties of the varieties of iron and steel 
convinces one that exact figures caimot be given even for wrought 
materials ; and, where determinations must be made on the cast material, still 
greater variations w^ill occur in results obtained on different samples, not only 
owing to slight differences in impurities and in structure which may happen 
in the wrought condition, but also in the number and disposition of small 
blowholes, and shrinkage places (even in apparently sound material) in the 
cast state. The numbers given may, however, be taken as approximately 
correct, and more than accurate enough for general use in the foundry. 
Bands of skilled experimenters have recently been redetermining many of the 
numbers required for the table at the end of this chapter, and, wherever 
available, the latest work has been examined and incorporated. The enormous 
amount of work that has been expended on the determination of the figures 
in this small table can hardly be estimated. The atomic weights determined 
and redetermined, ever necessary for all analyses, are also required for the 
study of the compounds formed in alloys. The value of specific gravity or 
weight compared with volume need hardly be pointed out to the founder who 
so frequently uses it in calculations of weights required for given castings. 
Specific heat, though less prominently useful, is interesting, say, in the 
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comparatively long time it takes to melt aluminium, considering its melting 
point. Melting point** come forward at every turn, and memory recalls a 
case where we asked a good melter accustomed to hard steel to melt one 
heat of lead-antimony alloy, with the passing remark, " now, keep it cool " ; 
coming in later we found the place filled with antimonial fumes, and the alloy 
at a bright cherry red, while, as a matter of fact, a hot crucible on the floor 
melted the required charge thoroughly. The coeflScient of linear expansion 
gives a measure of contraction after solidification, the electric and thermal 
conductivities being obviously useful in many special cases. 

The conductivities for heat have the least corroboration, and those for 
electricity are varied so much by small quantities of impurities and changes 
of structure that the figures given must only be taken to refer to pure metals, 
and for accurate work must be determined on the samples used. 

Copper has a very characteristic feature in its peculiar red . colour, 
which, on the fibrous fracture of a sample of best tough pitch, nicked and bent 
double without breaking off, is a beautiful salmon pink. In similar samples 
containing increasing amounts of cuprous oxide, brittleness develops, and the 
fracture approaches a brick-red colour. The colour of pure copper, as 
ordinarily seen, may be said to be the real coloured rays, as sifted out by the 
metal, mixed with a large proportion of white light reflected without change ; 
and the real colour is seen when the light has been reflected many times from 
the copper, as in a deep and narrow copper cup or a deep hole bored in an ingot, 
bdth of which show quite a bright scarlet ; just as the ordinary yellow colour 
of gold becomes a bright orange under similar conditions, as in a deep goblet, 
gold-plated on the inside. The specific gravity of copper determined by 
various workers on different samples varies from 8*6 to 8*95, but for best 
wrought copper 8*9 may be taken as the most probable number ; and in the 
cast state, probably, the best samples would not be more than 8*8, and in 
some cases as low as 8*2. The melting point of copper has been the subject 
of much research, and, quite recently, by the most skilled investigators with the 
finest of apparatus. For many years the question of whether gold or copper 
had the higher melting point was doubtful, and gold was given at 1045" C. and 
copper at 1050' C. Gradually pyrometric methods were improved, and it was 
also found that copper which had been melted in the air, and had thus taken 
up its full dose of cuprous oxide, solidified at 1065' C. ; but when pure, and 
melted in a plumbago crucible with a layer of carbonaceous matter on the top 
to prevent oxidation, it registered a melting point of 1084" C. Copper is very 
malleable, and can be rolled or beaten into the thinnest sheet. Being also of 
high tenacity it can be drawn into very fine wire. It becomes hardened by this 
cold work, but can be softened by annealing at about 800" C. It is only feebly 
weldable, and becomes brittle at a temperature near its melting point. It is 
not appreciably volatile at ordinary alloy-making temperatures, but is said to 
be volatile at such high temperatures as those of the electric arc or of the 
oxyhydrogen blowpipe. Copper crystallises in the cubic system, and it must 
be borne in mind that even the toughest sample is crystalline, although it 
may not break with a crystalline fracture. Cood copper having great ductility 
breaks with a fibrous fracture, the crystals holding together and drawing out so 
that the fibres seen at or near the fracture have really been formed out of groups 
of crystals drawn out in one direction, the material of the individual crystal 
Imng highly ductile, and the different crystals holding together at their junc- 
tions. Copper is susceptible to the deteriorating influence of small quantities 
of certain impurities, such as bismuth, arsenic, antimony, and sulphur; 
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while other substances, such as gold, silver, zinc, and tin affect its properties, 
but in such a way that they fomi valuable series of alloys for industrial uses. 
The tenacity of cast copper is given as about 8 tons, of wrought bolts 17 tons, 
and of wire 26 tons per square inch. Samples of commercial wrought copper 
turned to '564 diameter, or I square inch in area, and 1 inch parallel, and 
tested for this work, gave a maximum stress of 21*4 tons per square inch, an 
elongation of 21 per cent., and a reduction of area of 59 per cent. Results 
obtained by Kirkaldy from test-pieces cut from a cast ingot are as follows : — 



Top, . 
Bottom. 



Elastic Limit. 
Tuns per sq. in. 



1-6 
20 



Maximum Stress. 
Tons i>er s*]. in. 



51 
10-7 



Elongation per 
cent on 10 inches. 



5-0 
80-6 



Redaction of 
Area per cent 



13-4 
29-1 



The average of three copper castings from commercial copper rcmelted, 
worked out at 8*1 tons per square inch maximum stress, with an elongation of 
9 "2 per cent, on 2 inches. Copper is used in a nearly pure state for electrical 
castings, and also as a constituent of brasses, bronzes, German silver, brazing 
solders, and bearing metals (antifriction alloys). 

Zinc is a white metal, with a pale bluish-grey tint, with a high lustre on 
a fresh fracture, which is not affected in dry air, but in ordinary damp air 
becomes coated over with a layer of hydrated basic carbonate of zinc, which 
helps to protect the zinc underneath from further action. 

Its specific gravity is about 7*15 as cast, taking the mean of the results of 
various experimenters ; a sample cast and determined by P. Longmuir gave 7 '3. 
The melting and boiling points of zinc have also been the subject of several recent 
investigations, the former being a point strongly recommended for pyrometric 
calibrations, recent results done with great care giving 418*, 419", 419°, 421 *, 
leaving 419' C. as the most probable result ; the greatest variations being only 
2" C. from this number. The determinations of the boiling point, not so reliable, 
vary from 918* C. to 930' C; the mean, 925** C, may be taken as not more than 
a few degrees from the true boiling point. At or above this temperature 
then, zinc, whether covered with a layer of charcoal or not, will give off vapour 
of zinc which bums with a brilliant greenish flame where it comes into contact 
with the air, forming the flocculent oxide of zinc, yellow when hot, but white 
when cold, as always seen in the brass and in the German silver melting 
shop. Thus, in melting for alloys of a given zinc content, allowance must 
be made for this loss in calculating the mixture to be used, the loss in the 
quickest crucible-melting amounting to at least 2 lbs. of zinc in the 100 lbs. 
charge. At ordinary temperatures zinc is brittle, and the ordinary commercial 
cakes can be broken for use with a hammer. Zinc can bo rolled into sheet 
or drawn into wire between 100' C. and 150' C, but at higher temperatures, 
over 200' C, it again becomes brittle. Brassfounders will often have noted 
that if a cake of zinc has been laid on the furnace covers, and warmed through, 
that it will bend considerably before breaking, while, if thoroughly hot, it is 
as brittle as at ordinary temperatures. The tenacity of zinc may be taken 
at about 1 5 tons per square inch, a result representing the mean of three tests 
made on the cast material. Zinc is used for galvanising, and to a small extent, 
in a nearly pure state, for under water fittings, such as propeller sheathing, 
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etc., the object being to lessen corrosion, as zinc, being one of the most highly 
electro-negative of the common metals, protects any metal with which it is 
in contact ; that its protective influence docs not depend merely on the 
perfection of the coating is well in evidence on comparing the appearance of 
sheet iron or steel vessels coated respectively with zinc (galvanised bucket), 
tin (a tin can), and nickel (bicycle handle bars), aftor being exposed to damp 
for some days, which makes one wish to try the highly polished zinc coating 
of the low temperature Sherardising process, in which the zinc is applied by 
allowing commercial zinc dust to alloy with the surface of the iron at a very 
low temperature (about 300** C), which gives a fine structure instead of 
the rather violent appearance of the ordinary galvanised article produced 
by dipping into the molten zinc. Zinc is used for the manufacture of 
imitation bronzes, and as a constituent, with copper, in brasses, bronzes, 
German silver, etc. 

Tin, when of great purity, has a beautiful white colour, with the faintest 
yellowish tinge, being only surpassed in the purity of its white by the metal 
silver. It is soft, but cannot be scratched by the thumb nail, and has a 
peculiar odour whdn held in the hand till warm. The specific gravity of tin 
is 7*29 as cast, and, like lead, is practically the same in the rolled or hammered 
state. Its melting point has l)een the subject of much recent work, as this 
is taken as one of the standard temperatures for pyrometer calibration, and 
the results are most concordant at 232" C, which is most probably within 1' 
of the truth. Tin is highly malleable, and can be rolled into very thin sheets 
(tin foil), but, owing to its low tenacity, cannot be drawn into wire. It is 
flexible, as cast, but not elastic ; and, if nearly pure and subjected to bending, 
it emits a curious grating noise known as the " cry " of tin, which is supposed 
to be due to its crystals rubbing on one another. The cry is also plainly 
heard when tin is being pulled in the testing machine. Thi is said to be 
dimorphous, that is, to crystallise, sometimes in one system, the cubic ; and, 
imder different conditions, in a second system, the tetragonal. Tin plate is 
merely sheet iron or mild steel covered with a thin layer of tin, which 
may almost be said to be in the cast state. Its crystalline condition may be 
brought out very beautifully by etching the surface with hydrochloric acid, 
and the fern-like appearance produced may be preserved by varnishing. 
The bright surface of tin is only slightly affected by exposure to the air, 
and on account of its unalterability it is used in many domestic utensils, 
as in the so-called tin vessels and for tinning the inside of cast-iron pots 
and pans. The tenacity of cast tin is about 2 tons, two special tests averaging 
2-0 tons per square inch maximum stress, with an elongation of 30 per cent, 
on 2 inches. 

Tin, besides the uses already mentioned, is a constituent of bronzes, type 
metals, fusible alloys, and antifriction metals. 

Lead has a pale bluish-grey colour, and, when pure, is so soft that it can 
be scratched by the thumb nail, a fact which gives a rough idea of itw purity, 
for, when alloyed with, say, a small proportion of antimony, it Incomes harder 
than the thumb nail. The specific gravity of lead in its cast state is about 
11-35, and it seems to be increased very little by rolling or hammering. The 
melting point of lead has received much attention in recent years, and from 
1895 to 1901 the numbers found by different methods have lain between 326' 
and 329*, and, all points considered, 327' C. may be taken as the most probable 
value within 2' C. of the truth. Lead is highly malleable, and can be rolled 
into very thin sheets, but, owing to its low tenacity, cannot be drawn into wire. 
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Clean surfaces of lead weld perfectly when hammered together or when 
pressed together, as by passing the lead through rolls. 

Lead crystallises in the cubic system, and has the curious property that 
the distorted crystals of rolled or hammered lead rearrange themselves at 
ordinary atmospheric temperatures, adjacent crystals even altering their 
orientation or direction of crystallisation so as to become one larger crystal. 
Thus, old sheet lead on roofs has always large crystals, while freshly rolled 
lead has distorted crystals similar to those in rolled iron. Three test pieces, 
cast at decreasing temperatures, gave on testing 1'13 tons, I'iS tons, 1*30 tons 
maximum stress, with elongations of 18, 35, and 42 per cent, on 2 inches 
respectively ; while duplicates from the same cast, laid away and tested three 
months later, all gave practically the same test, viz., 1*7 tons per square inch 
and 40 per cent, of elongation. The tenacity of lead, as cast, may be taken 
at 1 '5 tons per square inch, with an elongation of 36 per cent, on 2 inches, the 
average of twelve tests specially made. Lead is easily flexible, but is not elastic. 
Lead in a nearly pure state is used for certain castings. The authors have 
lively recollections of trouble with a furnace air valve, the " brasses " of which 
were ultimately discovered to be of this metal ! It is also used as a minor 
constituent of brasses and bronzes and as a major constituent of certain anti- 
friction alloys and type metals. 

Nickel is a white metal, with a slight steel-grey tinge, but takes a very 
brilliant polish, owing to its colour and hardness. It is highly malleable, and, 
with its great tenacity, can be drawn into the finest wire. Its specific gravity, 
as cast, is given by Mr R. A. Hadfield {Proc. C.E., vol. cxxxviii. part iv.) as 
about 8*84 and forged 8*83. He also records the following test of a sample as 
cast, unannealed, and of about 99 per cent, purity, as elastic limit 11 tons; 
maximum stress, 16 J tons ; elongation per cent, on 2 inches, 4^ ; reduction in 
area, 9| per cent. Its melting point is given at about 1 450" C, but more work 
is required on this point, although the latest determination by Marker is 
1427* C. As a metal, nickel is sold in commerce in two principal forms, (1) 
malleable rods, etc., of nickel, with the characteristic colour and high metallic 
lustre ; (2) in small dull cubes about ^-inch side or in cylinders about 1 f 
inches diameter by 1 inch deep, which have been formed by pressing oxide, 
mixed with charcoal or other suitable reducing agent, into these shapes in 
moulds, and then heating them in furnaces to such a temperature that the 
oxide is reduced to metal. The former is nearly pure nickel, but, being much 
more expensive, is not used for alloy-making ; the best qualities of the latter 
yield over 98 per cent. Ni, although the pieces are brittle and may be crushed 
with a sledge. If either malleable nickel or superior alloys are to be made, 
steps must be taken for the removal of the small residue of oxygen in the 
nickel, as by the use of manganese in non-iron alloys or of ferro-manganese in 
iron alloys, or of magnesium in the manufacture of malleable nickel. This 
last must be used with caution, as, at least on addition to a molten steel 
casting mixture, it explodes on reaching the surface, unless care is taken to 
plunge the magnesium beneath the surface of the bath of metal, say, with 
tongs. Nickel castings are occasionally made for the supply of anodes, but 
the chief use of nickel in the foundry is as a constituent of German silver and 
of certain special nickel steels. 

AlnmininTn is a white metal, with a very slight bluish-grey tinge, 
not so white as tin or silver, but whiter than zinc. Its specific gravity is 
about 2*65, as cast, and this is slightly increased by hammering or rolling. 
Aluminium is another of the metals, the melting point of which has been 
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redetermined by many experimenters recently, and its melting point may be 
taken at about 657' C. It can be melted with little oxidation. It removes 
oxygen from most metallic oxides, but, at the temperature of molten steel, 
oxidises very rapidly, and even reduces that prince of reducing agents, 
carbon monoxide, to carbon, the aluminium oxidising to alumiiui, Al^ + 3C0 = 
AljOg + SC. Thp oxide formed is "dry," and, if in large quantities, would 
injure the metal and must be fluxed off. The tenacity of aluminium, as cast, 
may be taken at 5 to 7 tons per square inch, with but slight elongation ; the 
average of three special tests for this work giving maximum stress 5'1 tons, 
with 5*3 per cent, of elongation on 2 inches. Aluminium is largely used in 
a state of commercial purity, and also as a constituent of aluminium bronze 
and brasses. It is hardened by alloying with small quantities of copper, zinc, 
or magnesium. Considerable quantities are also consumed for adding, in 
small percentages, to molten steel, to prevent the formation of blowholes. 

Antimony is a white metal, with a pale greyish tinge. It is so brittle 
that it can easily be powdered hi a mortar. For the specific gravity of 
antimony recorded results vary from 6*6 to 6*8, and 6*7 may be taken as a fair 
average. Recent accurate work puts the melting point at 630' C, probably 
within a few degrees of the truth, the best results being 629*-5 and 630'*6 C. 

When a mass of antimony of a certain degree of purity solidifies, the upper 
surface shows a very marked and coarse crystalline pattern, known as the 
antimony star. The metal is not affected by exposure to air at ordinary tem- 
peratures, but above its melting point oxidises rapidly. It crystallises in the 
hexagonal system, its rhombohcxira having an angle of 87* -35, according 
to Bauerman. It is only of use as a constituent of alloys, chiefly type 
metal and bearing or antifriction metals. Antimony is often added to a 
common casting brass, in order to enable it to carry a larger " dose " of lead 
and it is also a constituent of hard lead castings. 

Silver, the whitest of metals, takes a very high polish. In malleability, 
and capability of being drawn into wire, it is only inferior to gold. Its specific 
gravity is 10'5, and its melting point, which has been recently thoroughly 
investigated, may be taken at 962" C, within a very few degrees, recent 
results being 962*7, 962, 961, 961 5, 961 •5- Where circumstances permit, its 
freezing point is strongly recommended as a standard point for pyrometric 
calibration. It must be noted, however, that in contact with air it al)8orbs 
oxygen, and its melting point falls to 955' C. ; hence, if used as a standard, it 
should be melted in a plumbago crucible, and its surface kept covered with a 
layer of charcoal or other reducing or protecting covering. 

Silver crystallises in the cubic system. At a high temperature it is 
volatile, yielding a green vapour, and it may be distilled l)y the oxyhydrogen 
blowpipe. When molten silver has absorbed oxygen it gives it off" again 
suddeidy on solidifying, which causes the familiar spitting of silver after a 
crust has been formed on the surface. The silver solidifies quite quietly when 
alloyed with copper, as in standard silver, or when oxygen is kept away, as by 
melting it under charcoal or under a layer of salt or carbonate of soda. It is 
unchanged by any agents in the air, excepting sidphuretted hydrogen, H S, 
which tarnishes and ultimately blackens it by the formation of the black 
sulphide of silver, Ag2S. Pure silver is soft; but standard silver, which 
consists of 925 of pure silver alloyed with 75 parts of copper, is much harder 
and more durable. Silver is a constituent of hard silver solders, and with 
copper, it is alloyed with gold to form the various carats. 

Bismuth has a characteristic greyish-white colour, with a tinge of red, and 
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is 80 brittle that it can easily be powdered in a mortar. Bismuth expands on 
solidifying, and melts at a temperature of 269* C, three recent detenninations 
being 268**, 269*, and 270° C. It is volatile at very high temperatures, and, 
according to Bauerman, it crystallises in the hexagonal system as rhombo- 
hedra, which, having an angle of 87 '-40, are eaaily mistaken for cubes. It is 
chiefly employed as a constituent of fusible metals, and sometimes to the extent 
of from i to ^ per cent, in certain bearing metals. 

Mercnry. — In a stock of metals, mercury is prominent as being the only 
one liquid at ordinary temperatures. It has a silver-white colour, and, when 
pure, a very high lustre. The pure metal does not " touch " glass ; so, 
when a small quantity is placed on a glass surface, globules run freely over 
the surface with the slightest disturbance, hence its old name of quick-silver. 
If the mercury contains base metals as an impurity, then the globules, instead 
of being nearly spherical as they move over the glass, seem to hold to the glass 
and leave a tail. It freezes at - 39" C, and is then malleable. It crystal- 
lises in the cubic system in the form of octahedra ; and the specific gravity of 
the liquid, which has been determined with groat care, is 13*596, that of the 
solid being 14*4. Mercury is volatile at all ordinary temperatures of the air, 
and boils at 350' C. Mercury imites or alloys with many of the common 
metals ; an alloy of two or more metals, of which mercury is a prominent con- 
stituent, is known as an amalgam. Added in small quantities to certain 
fusible alloys it forms an alloy of much lower melting point. 
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CHAPTER XXXIV. 



ALLOTS. 



Mbtai^, other than iron, have been dealt with in the preceding chapter, and 
the properties there given form a necessary foundation for a study of alloys. 
At the outset some definition of a metallic alloy ought to ))e given, and the 
nearest to our purpose is that included in the "Nomenclature of Metallo- 
graphy," which reads as follows : — 

" An alloy is a substance possessing the general physical properties of a 
metal, but consisting of two or more metals or of metals with non-metallic 
bodies in intimate mixture, solution, or combination with one another, forming, 
when melted, a homogeneous fluid." 

Foundry alloys are produced by fusion of the constituent metals either in 
crucible or reverberatory furnaces. 

Having decided the composition, the first essential is that of accurate 
weighing of the constituents entering the alloy ; the second essential is that 
undue oxidation must be prevented ; whilst the third lies in the fact that any 
changes taking place during melting must be allowed for, if exact compositions 
are required, (generally speaking, industrial alloys in which copper is an 
essential constituent may be divided into three groups— (1) brasses, (2) gun- 
metals, (3) bronzes. 

Ordinary Brasses. — The term brass is applied, in foundry practice, to 
those alloys in which copper and zinc are the essential constituents. In 
composition, brasses range from 90 to 35 per cent, copper and from 10 to 65 
per cent. zinc. Between these proportions a range of colour from coppery red 
to light yellow is obtained and also wide ranges of mechanical properties and of 
cost of production. Thus, the higher the content of copper the greater the 
cost of production, and there is therefore a natural tendency to keep the con- 
tent of zinc at the highest possible limit consistent with the colour, or the 
mechanical properties required. The following tests by the authors illustrate 
the range in mechanical properties : — 
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The foregoing tests each represent the mean of several determinations 
from bars cast in sand under normal foundry conditions. The value of alloy- 
ing is shown by comparing the results obtained from metallic copper and metallic 
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zinc with those from the three brasses. Thus, the brittle metal zinc which, 
alone, has a tenacity of 1 J tons per square inch, yields, when added to copper 
to the extent of 40 per cent., an alloy of high tensile strength and at the same 
time possessing a fair degree of ductility. It will be noted that from 26 to 
40 per cent, zinc, an increase in maximum stress is associated with a distinct 
fall in extensibility. Exceeding 40 per cent, zinc, maximum stress and 
extensibility fall together. Common casting brasses may contain 50 per cent, 
zinc, but the resulting alloy is decidedly light or pale yellow in colour, and its 
mechanical properties are low. As the content of zinc exceeds 50 per cent., 
decisive brittleness is evidenced, and with further increase of zinc the yellow- 
tint is replaced by grey or white. Still, keeping to the legitimate brasses of 
red or yellow colour, the following compositions show the variations found 
in practice : — 



Copper, 
Zinc, . 



teleJ !B.»ring Metal. 



Per cent 
90 
10 



Per cent. 
90 to 80 
10 to 20 



English . 
Standard Brass. 



Per cent. 
70 
30 



Muntz Metal. 



Per cent. 
60 
40 



These are essentially sand-casting alloys, although sheet and wire bntsses 
verge on that described as English standard brass. Ormolu is largely em- 
ployed for artistic castings, which, after buffing or burnishing, yield a rich 
copper red colour. A typical yellow colour is obtained from the standard 
brass, whilst a lighter yellow is obtained from the Muntz alloy. From an oma- 
mentiil point of view, these colours are of some importance, and permit of good 
contrasts being obtained in composite figures. Brazing metal is chiefly cast into 
the form of flanges and connections which have to be brazed on to copper pipes. 
The term brazing metal should not be confused with that of brazing solder. 
The latter, otherwise known as hard solder, is a copper-zinc alloy of compara- 
tively low melting point, or, in other words, a high content of zinc. These 
solders, whilst forming an important class of copper-zinc alloys, are only rarely 
made in brass foundries. Composition ranges from 60 to 34 per cent, copper and 
from 40 to 66 per cent, zinc ; they are granulated by pouring through a sieve 
into water, a fall of 10 feet before reaching the water giving very uniform shot. 

Special brasses are copper-zinc alloys, the properties of which are modified 
by the presence of a third or fourth element. Of these elements the most 
noteworthy are lead, tin, iron, aluminium, and manganese. Lead added to a 
brass makes it " sweeter " to machine, that is, the turnings chip ofl*, instead of 
curling round and clogging up the tool. With an ordinary yellow metal a 
limit is found at about 6 per cent, of lead ; and even with this amoimt, if the 
castings are heavy, the lead will tend to liquate, that is, during cooling the 
lead will collect in the heaWer portions of the casting, or, if of equal section, 
it will gather at the bottom of the casting. A trace of antimony added to a 
yellow brass will enable it to " carry " lead with less fear of liquation. 

Leiul, as noted, is of much assistance in enabling the alloys to l)e machined 
at a higher sjn^od ; it also lessens the cost of production, but lowers the 
mechanical properties, and, when exceeding 1 per cent., has a marked 
deleterious efliect on maximum stress and elongation. Lead should never be 
present in varieties of brass kno^\^l as dipping metal, that is, ornamental 
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castings 'Which are treated in "aqua fortis." If present under such conditions 
disfiguring black stains result after dipping. 

Of the remaining elements, tin, iron, aluminium, and manganese, when 
individually or collectively present in small amounts, have the effect of 
considerably raising the mechanical properties. Taking their individual effect 
first, it will be necessary to examine them in conjunction with the influence 
of zinc on copper, as shown in the tests already given. These tests show that a 
content of 26 per cent, zinc gives a maximum stress of 13 tons per square inch, 
and an elongation of 43 per cent, on 2 inches : whilst 40 per cent, zinc gives 
a maximum stress of 19 tons and an elongation of 15 per cent. The latter 
alloy is, therefore, a good base on which to test the effect of other elements 
in that it yields the highest maximum stress of the copper-zinc series. If to 
the alloy 1 J per cent, iron be added, zinc being reduced accordingly, maximum 
stress will increase from 19 to 23 tons and elongation from 15 to between 20 
and 24 per cent. It may be noted that the iron must be alloyed with the 
copper and zinc and not be present as free iron. The effect of aluminium on 
high zinc alloys is at the best erratic ; but ignoring variations so far as possible, 
average results obtained by adding 0*5 per cent, alimiinium to an alloy of 
60 per cent, copper and 39*5 per cent, zinc, are as follows : — 

Maximum stress, 20 tons per square inch ; elongation, 22 per cent, on 2 
inches. Average tests of an alloy containing 1*5 per cent, manganese, 60 
per cent, copper, and 38*5 per cent, zinc, are, maximum stress 22 to 24 tons 
per square inch, and elongation from 25 to 30 per cent, on 2 inches. Tin 
in contents up to 1 per cent, increases tensile strength, but beyond this limit 
mechanical properties begin to fall. An average test for an alloy containing 
0*8 per cent, tin, 60 per cent, copper, and 39*2 per cent, zinc is maximum 
stress 20 tons, and elongation 25 per cent, on 2 inches. 

In other words, the foregoing may be given as follows : — Iron and tin 
stiffen a brass when present in small amounts; aluminium and manganese 
have a similar effect, but, further than this, possess the virtue of acting as 
powerful deoxidising agents. In this respect it must be noted that zinc is in 
itself a deoxidising agent, but its activity is considerably less than that of 
aluminium or manganese. 

The following compositions show a series of copper-zinc alloys embodying 
some of the features noted : — 





Common 


Sterro 


Naval 


Aluminium 


Manganese 




Casting Brass. 
Per cent. 


Metal. 
Per cent. 


Brass. 


Brass. 


Bronze. 


Per cent 


Per cent. 


Per cent. 


Copper, 


60-0 


60 


61-0 


60-0 


57-0 60-0 


Zinc, . 


, 34-0 


38-0 


38 


39-0 


40-0 37-3 


Iron, . 




2-0 


... 


... 


1'5 1-5 


Lead, . 


; 6-0 










Aluminium, 








i'o 


0-8 0-5 


Manganese, . 




... 




... 


0-2 ... 


, Tin, . . . 


1 




i-b 




1-0 0-7 



Of these compositions the conmion casting brass is typical of the ordinary 
yellow metal casting ; sterro metal shows a type of alloy with iron as an 
essential constituent, whilst the naval brass represents a genuine brass with a 
small amount of tin present. Both sterro and naval brass are extremely 
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tenacious, and, as they resist corrosion remarkably well, are largely used in 
marine work for under-water fittings. However, chief interest is found in 
the manganese bronze, which would be more correctly termed manganese 
brass, though by trade usage we are compelled to adopt the word bronze. As 
will be seen, this alloy is in one sense a combination of sterro, naval, and 
aluminium brass plus manganese. In many ways manganese bronzes are 
remarkable alloys, for a maxunum stress of 28 tons per square inch, with an 
elongation of 30 per cent, on 2 inches, is an average commercial test. 

For sand castings, and absolutely untreated, it will be readily granted that 
the foregoing figures are good, and their value is further emphasised by the 
fact that they are typical of many tons of commercial castings. Notwith- 
standing this, we have met with many founders who have failed to obtain 
tests at all approaching these values, a failure due entirely to the non- 
recognition of chemical changes taking place during melting and also to the 
alloy l)eing cast under unsuitable conditions. In glancing over the two 
compositions of manganese bronze, it will be noted that one of them contjiins 
no manganese, and this represents an alloy which, in our hands, yielded 
excellent mechanical properties. In point of fact, we have examined many 
manganese bronzes absolutely destitute of manganese and yet excellent alloys. 
So long as the manganese does its work efficiently it is immaterial whether any 
remains in the final alloy. The particular work of manganese is of a two-fold 
character ; first, as a cleansing or scavenging agent ; and, second, as an aid in 
promoting the alloying of the iron with the remaining constituents. Aliuninium 
should not fall below 0-3 per cent. ; iron should be in the near vicinity of 1*5 
per cent ; tin l)etween 0*7 and 1*0 per cent. ; with zinc not less than 38 per cent, 
in the final alloy for casting in sand moulds. Forging alloys are slightly 
difierent, but with these we have, at present, no concern. 

Iron and manganese may be added by means of ferro-manganese, which is 
the usual plan ; or they may be introduced separately, as metallic iron and 
metallic manganese, or cupro-manganese may be used. In calculating a 
charge it is necessary to know the analyses of the availaV)le materials, and then 
proceed by the method already given for calculating mixtures. 

Before leaving brasses a brief reference must l>e made to what are known 
as " white brasses." These alloys, containing over 60 per cent, zinc, are far 
too brittle for ordinary commercial work ; but, where brittleness is immaterial, 
they find an industrial application in the casting of ornaments, statuettes, 
fancy buttons, and so forth. Such castings may l)e in sand or chill moulds, 
and, owing to the repetitive character of tlie work, the latter type of moulds 
is usually employed. 

Compositions range as follows : — 



Copper, 
Zino, . 



Per cent, i Per cent. Per cent. 
40 20 10 

60 80 90 



The castings are artificially bronzed, and a series of tints, varying from 
olive green to chocolate, may be re^wiily obtained. 

Gun-Metals — Under this general heading are included copper-tin and 
copper-tin-zinc alloys, all known as gun-metals, a term the origin of which is 
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familiar, but copper alloys have long been superseded by steel for ordnance, 
and the only guns now made of them are small decorative cannon for yachts. 
As a matter, of passing interest, it may be noted that one of the authors atone 
time worked in a brass foundry in which a series of moulding-boxes, known 
even then as gun-boxes, had survived. 

In writing of alloys, it is the usual custom to give considerable space to 
the copper-tin series, which would be of value if this series had any application. 
As a matter of fact, copper-tin alloys are hardly used in practice, the nearest 
approach being found in phosphor bronze, which, however, represents copper- 
tin plus traces of phosphorus. In an extensive practice the only genuine 
copper-tin alloy we have used is found in bell metal, an alloy in which " tone " 
is the chief requirement. The Admiralty requirements for ships' bells are 5 
of copper to 1 of tin, or copper 83'3 per cent., tin 167 per cent. 

This alloy casts well, presents a good appearance when turned up, and 
gives a good clear tone. A trace of phosphorus in the form of phosphor tin 
may be added just before casting ; or the alloy may be made up from copper 
82 per cent., tin 17 per cent., yellow brass 1 per cent. 

Under such conditions the zinc of the yellow brass will, to some extent, 
act as a deoxidiser. Gong metal approximates 80 per cent, copper and 20 per 
cent, tin, a composition which represents the highest content of tin in the bell- 
metal series. Speculum metal is white in colour, brittle in properties, and 
admits of a very high polish. Its application is, however, exceedingly limited, 
and for the greater part these alloys have been replaced by glass. A general 
composition is 67 per cent, copper and 33 per cent, tin ; Ross'^ alloy con- 
tained 68*21 per cent, copper and 31*79 per cent. tin. Whilst the copper-tin 
series are, in a foundry sense, of limited application, this by no means applies 
to the copper-tin-zinc series, which find an application in, practically, every 
branch of engineering. All modem gim-metals contain zinc in amounts 
varying from \\ per cent, upwards, the addition of this zinc not only giving 
sharpness or life to the fluid alloy, but also, by virtue of its deoxidising 
properties, leading to the production of sounder castings. 

Three types of high quality gun-metals are as follows : — 



1 1 
1 


2 1 3 

1 


1 

Per cent. 
Copper, ... 88 
Tin, .... 10 
Zinc, .... 2 


1 

Percent Percent 

86 87 

10 8 

4 5 



In the form of castings these alloys are used for high-pressure steam 
fittings, air- and water-pumps, engine and machine details, boiler mountings, 
and the like. Typical tests obtained by the authors are as follows : — 



No. 


Maximum Stress. 
Tons per square inch. 


Elongation per cent 
on 2 inches. | 


1 1 18*0 

2 1 17-0 

3 1 15-0 

! 


11 1 

10-5 1 

90 1 

1 



21 
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The Admiralty specification for No. 1 is a maximum stress of 14 tons per 
square inch and an extension of at least 7 per cent, on 2 inches. The fore- 
•going tests, which represent an average of many, show very little difference, 
and it is a fact that with careful casting No. 3 can be made to give very 
similar tension results to those obtained from No. 1, a remark also applicable 
to steam or hydraulic tests. No. 3 is the least costly of the series, and is 
decidedly easier to treat in machine or finishing shop than the comparatively 
hard alloy No. 1. The highest and lowest tests obtained by the authors from 
some hundreds of experiments on composition No. 1 are as follows : — 



Highest, 
Lowest, 



Maximum Stress. 
Tons per square inch. 



20-0 
6-5 



Elon^tion on 
2 inches. 



16*0 
87 



This wide range of variation emphasises the care necessary when the best 
results are required, for though only obtained from one type of alloy, similar 
variations have been obtained from most of the industrial alloys. 

The gun-metals given represent high quality, and, therefore, costly types. 
Typical compositions of ordinary commercial gun-metals are included in the 
following table. Nos. 1 and 2 represent the usual nin of alloys for valve bodies, 
engine and boiler fittings, but not fittings used in conjunction with high- 
pressure boilers or high-speed engines. Nos. 3 and 4 represent cheaper types 
of gun-metal in which outside scrap enters largely into the composition. 



No. 


Copper. 


Tin. 


Zinc. 


Lead. 


Merchant 
Scrap. 

Per cent. 


Per cent. 


Per cent. 


Per cent 


Per cent. 


1 


80 


4 


10 


6 


... 


2 


80 


6 


8 


6 




3 


70 


4 


4 


4 


18 


4 


55 


6 






40 



As with brasses, the addition of lead to a gun-metal facilitates free 
turning. Merchant scrap is a variable factor, and previous to use it should 
be sorted so far as possible into uniform grades. 

Bearing Brasses. — Solid bearings are being largely replaced by shells 
lined with antifriction metal. When a copper-tin alloy is used as a bearing 
brass, its composition will vary between the following limits : — 

Copper from 88 to 82 per cent. 
Tin „ 10 to 14 „ 

Zinc „ 2 to 4 „ 

An intermediate alloy, copper 84 per cent., tin 12 per cent., and zinc 4 
per cent., represents an alloy which has successfully met severe service condi- 
tions. A cheap and hard bearing may be made from copper 52 per cent., 
tin 8 per cent., and merchant scrap 40 per cent. However, on the whole. 
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bearing brasses of phosphor bronze yield better results than are obtained 
from copper-tin alloys. 

The increase in hardness, following an increase in the content of tin, 
is also associated with a decisive increase in brittleness. Only in the case of 
bearing brasses is it advisable to exceed a content of 10 per cent, tin, a 
feature illustrated in the following table : — 



Analysis. 


Maximum Stress. 
Tons per square inch. 


Elongation per cent 
on 2 inches. 


Copper. ' Tin. j Zinc. 


86 ' 13 2 

' 1 


11-9 


1-5 



These results, representing the average of six specially conducted tests, 
are of importance in view of the fact that gun-metals are often stated to 
contain 16 per cent. tin. Such a composition would be far too brittle for 
the purpose to which gun-metal is usually applied ; it is, in fact, a bell 
metal. 

Bronzes. — Manganese bronze, so called, has already been dealt with. The 
next most familiar member of this group is phosphor bronze, an alloy which 
may be produced in various grades, possessing many valuable properties. 
Two typical grades are as follows : — 





Ordinary. 


HaixL 

Per cent. 

88-6 

10-5 

1-0 


Copper, .... 

Tin, 

Phosphorus, 


Per cent 

90-0 

9-6 

0-4 



The hard grade is used, in foundry practice, for casting pinions, spur and 
bevel wheels, slide valves and bearing brasses. The ordinary grade is ex- 
tensively used for various machine and engine details, and also for heavy 
castings, such as the ram and stem fittings of a cruiser. A large series of tests 
of the ordinary grade have yielded results varying between the following 
limits: — Maximum stress, lowest, 12*5 tons; highest, 26*2 tons per square 
inch ; elongation per cent, on 6 inches — lowest, 5*0 ; highest, 51*0. 

The usual specification for castings of this grade is a maximum stress of 
17 tons per square inch and an elongation of 15 per cent, on 6 inches. A 
comparison of the lowest and highest tests obtained by the authors is of much 
interest in showing the range of properties in an alloy of constant chemical 
composition, and, incidentally, as illustrating the importance of careful melt- 
ing and casting. It may be added that the series for which the foregoing 
extreme tests were taken represent sand castings tested in the condition 
" as cast." 

As the amount of phosphorus increases beyond 0*5 per cent., ductility 
decreases, whilst hardness and brittleness increase. For a hard type of 
bronze 1 per cent, phosphorus is a suitable limit, but where extreme hardness 
is required IJ per cent, may be added. Exceeding 2 per cent, phosphorus, 
the alloys, owing to their brittleness, become useless for castings. It will be 
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noted that the foregoing alloys approximate 90 per cent, copper and 10 per 
cent, tin, corresponding to the old gun- metal formula. Sound copper-tin 
alloys may be produced by the aid of phosphorus, sufficient being added to 
remove the oxygen absorbed by the copper and tin, and leaving only a trace 
of phosphorus in the final alloy. 

Another type of phosphor bronze represents one in which lead is present 
in considerable quantity. Such alloys are used for bearing brasses in this 
country and in America. In the latter case the alloys aro chiefly used in the 
form of car brasses. A typical percentage composition is: — Copper, 79*7; 
tin, 10*0 ; lead, 9*5 ; phosphorus, 0*8. 

The addition of phosphorus is made by means of phosphor-copper or 
phosphor-tin, containing respectively 15 per cent, and 5 per cent, phosphorus. 
Stick phosphorus is extremely difficult, and somewhat dangerous to handle, 
owing to its inflammability in air. 

Aliimininm BronzeB.— The most general composition is copper 90 per 
cent, and aluminium 10 per cent., an alloy discovered and investigated by 
Dr. Percy. For some reason these alloys have not met with a very wide 
industrial application, probably owing to the fact that their properties have 
not been systematically investigated. From the composition given, we have 
obtained results varying as follows : — Maximum stress, 18 to 26 tons per 
square inch ; elongation, 2 to 18 per cent, on 2 inches. 

These represent untreated sand castings, but we hope in the future to 
supplement them by others obtained from a more exhaustive investigation. 
Finally, although there are many special casting bronzes on the market, it 
will be found that the majority of them approximate to 60 copper and 40 zinc, 
specially deoxidised and stiffened up in a similar manner to that of the 
manganese bronze. This type of bronze is certainly the best we have handled, 
and, provided caroful treatment is given, the resulting castings may be made 
to yield excellent mechanical properties. 

'German Silver. — Of remaining alloys only two groups call for note in a 
work devoted to foundry practice, and the first group is found in the copper- 
nickel-zinc alloys, commercially known as German silver. E^entially they are 
copper-zinc alloys whitened by the addition of nickel, and the range in 
composition is as follows : — 



No. 



Copper. 



Zinc. 



Nickel. 





Per cent. 


1 


63 


2 


66 


3 


62 


4 


50 


5 


62 


6 


65 


7 


67 


8 


60 



Per cent. 


Per cent. 


32 


5 


26 


8 


28 


10 


32 


18 


23 


15 


20 


15 


14 


19 


20 


20 



Of these compositions No. 8 is recommended for colour and lustre. 
Generally speaking, the higher the content of nickel the better the appearance, 
as also the greater the cost of the alloy. Lead and iron are sometimes 
present, though not advisable, in German silver castings. Types of such 
alloys are as follows : — 
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No. 


Copper. 


Zinc 


Nickel 


Lead. 


Iron. 




Per cent 


Per cent. 


Per cent. 


Per cent. 


Per cent. 


1 


48 


32 


16 


6 


... 


2 


67 


30 


10 


1 8 




8 


60 


28 


10 


... 


2 


4 


56 


82 


11 


... 


1 
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In making up Grerman silver, cost and colour are the ruling factors, and the 
content of nickel is regulated by these factors. Apart from these, a feature 
not shown in the foregoing compositions lies in the fact that the nickel must 
be deoxidised, and this is effected by manganese either in the ferro or cupro 
form. Zinc will deoxidise copper, but it will not remove the oxygen present 
in nickel ; hence the necessity for manganese. 

White or Antifriction Metals. — The second group of alloys consists of the 
white or antifriction, metals which have often to be made up in the brass- 
foundry. These alloys are extensively used for lining the bearing surfaces 
of brass, steel, or iron bushes. Before lining, the inner surfaces of the bushes 
are cleaned by sand blast or acid pickle, and then tinned in order to ensure a 
better contact of the lining metal. The thickness of the lining varies from 
J inch to ^ inch, and lining is effected by running the metal into the space 
left by the insertion of a sheet iron core into the bush. The diameter of this 
core or mandril is less than that of the finished bearing, in order to allow 
material for machining up to size. The white metal is maintained in a molten 
condition in a cast-iron pot fired from the bottom, and is ladled out as 
required. Three types of high quality white metal are found in the following 
table : — 



No. 


Copper. 


Tin. 


Antimony. 


1 
2 
3 


Per cent. 
6-6 
7-0 
8-6 


Per cent. 
86-0 
85-0 
83-0 


Per cent. 
8-6 
8-0 
8-6 



These compositions vary only slightly, but they may be taken as represent- 
ing the highest quality Babbit metals. The following compositions represent 
less costly types of white metals, the content of tin being the governing factor 
as regards cost : — 



No. 


Copper. 


Tin. 


Antimony. 


Lead. 


Zinc. 




Per cent 


Per cent. 


Per cent. 


Per cent. 


Per cent. 


4 


9 


73 


18 


... 




6 


3 


. 63 


10 


33 


i 


6 




40 


6 


54 


... 


7 


5 




10 




85 


8 


4 


19 


3 


5 


69 


9 




' 


16 


84 





326 



GENERAL FOUNDRY PRACTICE 



These compositions are simply given to show the range, and are not 
necessarily recommended. Where Nos. 1, 2, or 3 are too costly, then the best 
substitute is found in lead-antimony alloy of the type shown in No. 9, which is 
sometimes made with the addition of 4 to 5 per cent, of tin, and even a few 
tenths per cent, of bismuth, in place of an equal amount of the lead. 

It is well known that lead and copper alone will not alloy, yet if the two 
metals can be made to alloy an antifriction metal results, which for certain 
purposes is ideal. In our own efforts in this direction, we have taken advantage 
of the carrying power of antimony, and achieved successful results. An anti- 
monial lead, containing 7 per cent, antimony, is first made ; 28 per cent, of 
this is added to 72 per cent, copper, and the resulting castings show no segrega- 
tion. It is advisable to remelt the alloy before pouring into a sand mould. 

An alloy used in the form of cast rings for piston-rod packing is as 
follows : — 



1 Tin. 


Lead. 


Antimony. 


Arsenic. 


Per cent. 
21 


Per cent. 
69 


Per cent 
9-5 


Per cent. 
0-6 



The arsenic is added in the form of white oxide mixed with charcoal. 

Some types of antifriction metals contain graphite, and we have heard 
theorists gravely discuss the extraordinary phenomenon of the presence of free 
carbon in tin-lead alloy, but the fact is that the graphite is added to the alloy 
after its production. Thus, an alloy of 43 per cent, tin, 56 per cent, lead, and 
1 per cent, antimony is made and cast into blocks. These blocks are machined 
into thin shavings, and the shavings, when mechanically mixed with vaseline 
and graphite, are used for packing purposes. 

Many of the metals considered in the foregoing as constituents of alloys 
are at times required in the form of castings. Thus, lead and antimony in the 
form of castings are used for certain purposes in chemical works. Making 
moulds, and melting the metal for such castings, offers no difficulty, but 
subsequent handling does. Thus, lead is easily distorted, and antimony is 
exceedingly fragile. Acid pumps of metallic antimony, even though the bodies 
are 1 inch thick and the flanges 3 inches, are difficult to dress without break- 
age, and the greatest care is therefore required after casting. Copper castings 
are often required, and the majority of them represent copper plus 3 or 4 per 
cent, of zinc. Sound castings of metallic copper can be made by control- 
ling the absorption of copper oxide. Nickel castings are also required at 
times, and -here the problem is entirely one of eliminating oxygen. This 
aspect of oxidation is hardly germane to this chapter, but is fully discussed 
later. 

Castings of tin do not call for special comment ; but, when the metal zinc 
is used, then the moulds must readily admit of free contraction. The latter 
remark is also applicable to aluminium castings. With metallic aluminium, 
manganese bronze, and phosphor bronze, fairly large gates are necessary in 
order to obtain castings free from pin holes or draws. If the castings are at 
all massive these runners should be supplemented by feeding heads placed on 
the heavy portions. With metallic aluminium, aluminhim alloy or bronze, 
and manganese bronze, much cleaner castings are obtained by the use of plug 
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heads, which consist of a dry sand or loam resei'voir with a cast-iron plug fitted 
into the runner. The head is filled with metal, the plug withdrawn, and a 
constant level maintained by the ladle imtil the mould is filled. By this 
precaution no dirt or oxide enters the mould, and extremely clean castings 
result. 

It may be noted that alloying in the case of aluminiimi is chiefly followed 
with a view to raising its tensile strength, but, if carried too far, the special 
virtue of low specific gravity is lost. These stifiening agents are found in 
copper in contents up to 5 per cent., or in zinc in amounts up to 10 per cent. 

Method of Making Alloys. — ^As already noted, foundry alloys are produced 
by fusion of the constituent metals. Many foundries purchase alloys in ingot 
form, and in such cases the process of melting for castings is one of simple 
fusion either in crucible or air furnace, when any loss taking place during 
melting must be made good before drawing or tapping. This loss is chiefly 
confined to zinc, and in everyday practice we have found an allowance of 25 
per cent, fairly safe ; that is, 25 per cent, of the zinc contents of the alloy, and 
not 25 per cent, of the weight of the alloy. Brass castings are sometimes 
produced by simply melting outside, or merchant scrap. In this case the 
scrap as it comes in is carefully sorted into grades, and examined for iron or 
steel bolts, studs, etc., which must be removed before melting. Merchant 
scrap is necessarily of a varied character, and, even with the best of care, is 
likely to lead to erratic results. By far the best plan is to melt it in large 
weights in an air furnace and cast into ingots. An analysis will then give the 
exact composition, and, when remelting for casting, any desired alteration can 
be made. This plan is also a good one for dealing with borings and turnings. 

When using new metals, a plan we personally prefer, the usual practice is 
to charge the metal of highest melting point first, and, on its partial fusion, to 
add the remaining constituents in their order of fusibility, any volatile one, 
such as zinc, being left to the last. The heat is then raised to a good casting 
heat, the alloy well stirred and cast. When large quantities of an alloy are 
required, and an air furnace is not available, the cupola furnace may be used. 
Under such conditions the copper only is passed through the cupola, which 
must be blown with a soft blast, that is, from 4 to 6 ounces (according to 
diameter). The molten copper is collected in a ladle, and the weighed 
amounts of zinc and tin added in the solid form. The contents of the ladle 
should be well stirred, but in a 5- or 10-ton ladle this is easier said than 
done. A plan we have found of value lies in sticking a small potato on a 
forked iron rod, and holding it for a minute at the bottom of the ladle. 
The resulting agitation efficiently mixes the contents of the ladle. 

When melting in either crucible or air furnace, liberal coverings of charcoal 
should be used as a measure of protection from oxidation. It may be noted 
that in brass or gun-metal melting lids are rarely used on the crucibles, hence 
the greater need for a charcoal covering. The best quality of alloys are 
always produced without fluxes, and extensive experiments in this direction 
are not at all favourable to the use of any type of flux during melting. A 
small amount of phosphor copper, phosphor tin, or cupro-manganese may with 
advantage be added to all copper alloys of low zinc content immediately before 
casting. Such additions should not exceed 0*1 per cent, phosphorus, or 0*2 
per cent, manganese. 

A distinction has already been drawn between iron present in a free state 
and iron alloyed with the constituents of an alloy. Free iron simply represents 
iron mechanically trapped in the alloy, that is, it has accidentally entered the 
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crucible, and never been liquefied. As these specks of iron are objectionable 
and sufficient to condemn a casting, every care should be taken to prevent 
their presence. This necessitates careful use of stirring bars and skimmers, 
and a point of interest is found in the fact that iron bars or skimmers are 
better than steel ones. A coat of blackwash is always good in preventing the 
taking up of iron. After black-washing, the bar should, of course, be dried. 
All borings or turnings before melting should be passed through a magnetic 
separator in order to remove iron. If a crucible of brass containing free iron 
is allowed to stand, it will be noticed that the iron floats to the surface and 
sparks ; advantage may be taken of this by squeezing a swab over the surface, 
and then skimming, a treatment which will remove some of the iron. 



CHAPTER XXXV. 

MECHANICAL TESTING. 

Mechanical tests are applied to castings for a variety of reasons, but always 
as an attempt to obtain a measure of their qualities. The ideal test must 
surely be behaviour in the work for which they are intended ; but again, in 
the foundry, as, indeed, in most other places, the ideal is but seldom attainable, 
although that is no reason why the educative effect of viewing it should be 
missed. This id strikingly enforced in those rare cases where even mild forged 
steel, such as boiler plate, has passed ordinary mechanical tests to prove its 
ductility, and yet has broken in an exceedingly brittle fashion in use. Some 
hold that the mechanical tests showed the steel to be good, and yet, having 
failed to show any faults in the design of the boiler, they can hardly hope to 
succeed in convincing the owner of the burst boiler that their ideas are correct. 
With forged steels these cases are comparatively rare, but in castings the 
diflficulty often arises of a sample standing the tensile, and failing under the 
drop test, or passing a satisfactory drop test, but not reaching requirements 
under the tensile. These matters are mentioned to impress the point that 
blindly following the apparent teachings of the results of ordinary mechanical 
tests may readily lead to dangerous practices ; and that, if possible, these tests 
should always be supplemented by the results of trials in use before very 
radical changes are made in situations where failure would produce disastrous 
results. Castings are sometimes produced which give tensile tests almost equal 
to forgings, and the claim has been made that this proves their equal suit- 
ability for almost any and every purpose ; but as he who recommends either 
man or casting for work in which either is likely to fail is their enemy, it is 
well to remember that, although such tests may point to new uses, it is advis- 
able to have the results of actual behaviour in work before embarking largely 
on a new scheme ; for, frequently, the different internal architecture of the 
casting has prevented it confirming in use what the static tensile test had 
appeared to indicate. Nevertheless, in the great majority of cases, mechanical 
tests, supplemented for special service, by chemical and even micrographic 
analyses, are successfully relied upon in the making and in the selecting of 
castings for given purposes. 

Castings are sometimes divided into test and non-test castings, the latter 
term being somewhat of a misnomer ; for, under this head are generally in- 
cluded those which are subjected only to some rough test, such as dropping 
from a certain height on to an iron plate. 

Steam and Water Tests.— Apart from the drop test, the only test which 
tries the behaviour of the casting as a whole is the steam or the water test. 

S29 



330 



GENERAL FOUNDRY PRACTICE 



In its simplest aspect this test consists in closing all outlets and filling the 
casting with steam or water under pressure. Pressures vary according to 
specification. Thus, cast-iron has often to meet 300 lbs. water pressure, and 
steam and boiler fittings in gun-metal may have to pass a test of 1700 
lbs. water pressure. Any leakage or sweating at th6 specified pressure con- 
demns the casting. Where a steam or water test is specified, the whole of the 
castings undergo the test. In the case of mechanical tests, only selected parts 
of certain castings are tested, or even special test pieces cast from the same 
material as the castings. 

The transverse test, probably the simplest type, is the one most 
generally applied to cast-iron. In this country the standard test piece is a 
casting 3 feet 6 inches long x 2 inches deep x 1 inch broad, which is evenly 
laid on two knife edges 3 feet apart, a third knife edge being brought down 
midway between the other two and a gradually increasing pressure brought 
to bear until the specimen breaks. The result is generally recorded in cwts., 




Fio. 217. — Transverse Testing Machine. 

and a refinement of the test is to measure the deflection for given pressures, 
or, more usually, the total deflection before fracture. It would be easy to give 
numerous actual results of such tests, but it is much more useful to remember 
the three numbers 18, 28, and 38 cwts., of which 18 represents a distinctly 
poor, or, even bad, result ; 28 cwts. a fair average ; and 38 cwts. a very good 
test. These tests are easily made on the more elaborate testing machines, such 
as the Buckton single lever, but fig. 217 shows an eflScient apparatus by W. & 
T. Avery, specially designed for transverse testing only. 

It is important to note that the dimensions of the section in this test 
should be correct or carefully measured, a fact sometimes ignored, as these 

pieces are tested as cast. Take the formula W = — — , representing the resist- 
ance to fracture of a beam of this form, and, therefore, the relationships between 
W, the weight required to break the test bar ; c, a constant for any one material ; 
by the breadth of the section ; d, its depth ; and I the length between the knife- 
edge supports. Assuming I and 6 to be true to standard, and 36 cwts. 
recorded, but d found afterwards to be 2*1 inches instead of 2 inches, then 
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ex 1 X i^"'!)^ 
(1) 36 cwts. = ^ ' ; and, if x be tlie correct number desired, 



r X 1 X (2)2 
1 ' 



e X- /i\ '^ 36 cwts. 

from equation (1)—-= - , 



then jr = ^f ''^'* = 32-6 cwts. 
4-42 



This not only serves as a warning, but shows how to arrive by calculation 
at the correct result for the true sUmdard size from a result obtained from 
another size. For cast-iron the calculation should only be used when the 
sizes are something near the standard ; as, even assuming a constant composi- 
tion, the structure of this material varies so much with difterent sizes of castings. 
In some cases in this country, and more so in America, the transverse test is 
made on 1-inch square section on supports 12 inches apart. 

The compression, or crushing test, is another that is sometimes applied 
to cast-iron, and, although the transveree test is most generally relied on to 
judge of the quality of cast-iron, its resistance to crushing is very commonly 
the property that is used. The name sufficiently describes the test, and the 



6 




Fig. 218.— Crushing Test Pieces. 

form of the piece and results obtained are all that need be given. In fi^. 218, 
7 is an unused test piece, 6, 5, 4 are grey irons, 3, 2, 1 are white irons (all 
after testing), in which the shattering of the white iron should be noted. The 
test piece for crushing is generally a cylinder of which the length is about 
twice the diameter. The results are read in tons and calculated to tons per 
square inch ; and, as in technical work calculation must be reduced to a 
minimum in order to save time in doing a series of tests, the diameter is 
arranged so that the area of the circle shall be 1 square inch or some simple 
fraction, generally J, J, or 1 square inch, represented by 0*564 inch, 0*798 
inch, and 1*128 inch respectively, and hence 1*128 inch, 1*596 inch, or 2*256 
inches in length. The cylinder chosen is set between two parallel plates of 
hardened steel, and the cnishing pressure applied in the special manner 
designed for the particular machine in use. With regard to results : for cast- 
iron the three numbers 30, 40, 50 may be remembered ; 30 tons per square 
inch being a bad result, 40 a good average, and 50 tons a very good result. In 
the case of steel castings, the test pieces, as a rule, do not break, but merely 
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assume a cheese shape, and the result is expressed as a compression of, say, 
41 per cent, at 100 tons per square inch ; several are given in the proper 
chapter. The test, unless for cast-iron, is seldom used in commercial work, 
and is principally reserved for scientific investigations, in which it is desired to 
throw every available light on the subject. Fig. 220, C, shows the appearance 
of a 0'35 per cent, carbon steel crushing piece after testing. 

The Drop Test. — Many castings, such as wheel centres, are required to 
stand a drop test. This is somewhat similar to the transverse test, only, 
instead of a pressure gradually applied, a specified weight, say 1 ton, is lifted 
so many feet above the casting between guides and then dropped on it, so as 
to gauge how it would behave under severe shock. The method of raising 
and releasing the weight is practically that shown in fig. 169 for breaking up 
castings, only the weight is raised and falls between guides, and it has a part 
underneath, V-shaped in one view and rectangular in the other, with the 
object of striking the casting on a definite line or place. 

The Bending Test. — In this test the section of the piece is specified as 




Fio. 219.— Bending Test Pieces. 



round or square, and dimensions are given ; while one part is held firmly, the 
other is bent either by hammering or by pressure over a specified radius, for 
the smaller the radius the more severe the test. The bending is continued 
until either the specimen breaks or the required angle is reached, when, in 
commercial work, it is usually not bent further, although, in experimental 
work, the bending is continued until fracture is produced or until the sample 
bends double. Fig. 219 shows two pieces after testing, the upper having 
broken at 89** and the lower bent double without sign of distress. 

The Tensile Test. — The tenacity of a metal is the resistance it offers to 
rupture by a tensile stress, a force which tends to pull its particles asunder, 
and it is generally expressed here in tons per square inch ; in America, in lbs. 
per square inch ; and, on the continent, as kilos, per square millimetre. In fig. 
220, 4 represents a common form of tensile test piece for 2 inches parallel, 
before testing; 1, a gun-metal; 2, a yellow brass; 3, a steel casting; 5, a 
forged steel ; 6, a lead ; and 7, a cast-iron test piece after breaking in the 
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testing machine. With substances such as grey cast-iron, white cast-iron, 
and certain hard steels, the test piece resists the force up to a certain point, 
and then suddenly gives way. With mild steel castings and many alloys the 
behaviour is different, for, up to a certain point, there is the same resistance 
and only a very slight elongation and consequent reduction in area of the 
piece, which are proportional to the force applied ; and, when the force is 
removed, the piece practically regains its original dimensions, as is the case 
with the other materials mentioned above. With these, however, a point is 
reached where the conditions no longer hold, for the elongation suddenly 
becomes much greater than proportional to the stress, the beam of the 
machine drops, and the lengthening of the piece is now sufficient to be clearly 
seen by measuring with finely-pointed dividers held during testing in fine 




2 J ^ <. J U 7 

Fig. 220.— One Crushing (C) and Seven Tensile Test Pieces. 

centre punch marks. Before this stage, if the stress be removed, the piece 
will return to its original dimensions. The force which enables the piece to 
do this is called elasticity. When the stress is equal to the maximum elastic 
force, it is known as the elastic limit. The slightest increase in the stress 
now produces permanent set. The sudden drop of the beam of the testing 
machine, or the very decided lengthening of the piece as shown by the 
dividers, is taken, perhaps somewhat loosely, as the elastic limit, but is styled 
by some the yield point. It will readily be seen that it must be a delicate 
matter to obtain the true elastic limit according to the definition, that perfect 
elasticity is measured by the exact return to original dimensions after removal 
of the stress. It is also held that exact proportionality between the stress and 
the elongation does not cease at exactly the same point as perfect return, and 
that neither is exactly at the yield point as measured by the drop of the beam, 
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and the more delicate the measuring instrument the sooner is disagreement 
shown. It is not therefore to be wondered at, that, in ordinary practical 
commercial testing, the settling of these fine points is left to specialists, who 
are very much at variance among themselves, and that the drop of the beam 
or the sudden lengthening already described is generally taken as the 
elastic limit, if, on running the weight back, there is found to be a distinct 
permanent set. 

On further increasing the stress, the piece continues to elongate, at first 
fairly regularly throughout the parallel part ; and, finally, at one point 9, special 
" waist " is formed. Soon after, the piece fails to lift the beam, and the maxi- 
mum stress has been reached. Crenerally, the piece is then allowed to break 
by continuation of a force 'which is not measured ; as, the beam having dropped, 
and the strength of the piece being unequal to lifting it, the real stress acting 
now must be less than that recorded on the beam, and the real stress required 
generally continues to decrease until fracture takes place. Hence, when the 
maximum stress that the piece will stand is meant, it is obvious that breaking 
stress, and, much more so, breaking strain are not terms that should be iised. 
In some special work, when the maximum stress is reached, arrangements are 
made for measuring the then gradually decreasing stress, which can be done 
by a pressure gauge, or by running back the weight so that the beam is kept 
floating, and obtaining the result from an automatic recorder. It may seem 
strange that the breaking stress should be less than the maximmn stress ; but, 
when the continuous decrease in diameter is allowed for by calculating the 
stress per square inch of the smallest section at each stage, it is found that 
this number increases to the end of the test. The readings on the beam give 
the elastic limit (E.L.) and the maximum stress (M.S.) in units of weight on 
section; and these are calculated and reported as units of weight per unit 
area of the original section, as, for example, in tons per square inch of the 
original section. The ductility of the material is represented by the amount 
the test piece elongates or draws out after the elastic limit is reached. This 
is the definition of the user of such material, the engineer, and is the best. 
The old metallurgical definition of ductility as the property which enables a 
metal to be drawn into wire is founded on a confusion of ideas. A metal is not 
merely drawn out into wire, but its tenacity is taken advantage of to draw it 
through a hole, smaller than its own diameter, in a steel wortle or wire drawer's 
plate, and the fact that it yields at this point is due to its malleability ; hence, 
the properties that enable a metal to be drawn into wire are its tenacity and its 
malleability combined. The amoimt, then, that the test piece elongates after 
the elastic limit is passed, determined as the total permanent elongation when 
broken, is a measure of the ductility of the material, and is expressed as so 
much per cent, on so many inches. One is often asked why trouble to say 
on 2 inches or 4 inches (as the case may be), for is that factor not eliminated 
by stating the result in percentages 1 This is necessary, however, as there are 
two distinct permanent elongations, one fairly regular over the whole parallel 
part and one relatively great, but restricted generally within about an inch of 
the length and constituting the waist, where the piece decreases in diameter 
comparatively rapidly. Thus, the general elongation would be the same per 
inch on a 2-inch as on a 4-inch piece, but there would be only one elongation 
for each due to the waist ; hence the elongation per cent, is greater on 2 inches 
than on 4 inches, and, in general terms, it is less the greater the length of the 
test piece. It is interesting to note that, given the elongations of two test 
pieces differing only in length, the two separate kinds of elongation can be 
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calculated from these ; and, hence, also, the elongation per cent, for any other 
length of test piece of the same diameter and made of the same material ; this 
result is often desired for comparing specifications or experimental results. 
The authors have tested this by several experiments, but the following should 
be interesting, and make the matter clear : — 

Let Zj represent the regular elongation per inch, and l„ the special elon- 
gation due to the waste. Take the elongation on 3 inches and on twice that 
length, namely, 6 inches, which it is seen are 0*94 inch and 1*46 inch 
respectively. The former contains three times the general elongation p^r 
inch and once that specially due to the waist ; hence, twice this, or : — 

2 X 0-94 inch = 61^ + 21^ and 1 -46 inch - eZj + lun 
hence 1-88-1 -46 = Z^ = 0-42, and Z^ - I'^^-Q'^^ ^ ^,^^^ ^^^^ 

It is obvious from the sketch that the actual measured elongation on the 
first inch from the left is 0*17 inch and on the next 01 8 inch. Of the others 
only the last is marked and clear of the waist, and it measures 0*17 inch, an 
average of 0*173 inch. From these it is easy to calculate the elongation 
on 4 inches, for, assuming a homogeneous material, it must be 4 x 0*173 inch 
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Fio. 221. — Tensile Test Piece before and after Fracture. 

+ -42= 1*112, or 27*8 per cent. ; whereas, it will be seen from the figure that 
the measured elongation is 5*11 -4*0 = I'll, or 27*7 per cent. ; this is an 
exceptionally close agreement, obtained by vising an exceedingly homogeneous 
piece of forged material, Farnley iron, and having the different lengths of test 
pieces all on the same piece. Disagreements obtained from similar calcula- 
tions, using non-homogeneous materials and different test pieces, are only 
such as are obtained in the actual testing of the same. It will further be seen 
by measurement, where possible, or otherwise by calculations similar to the 
above, that the elongation is 38*3 per cent, on 2 inches, 31*3 per cent, on 3 
inches, 27*7 per cent, on 4 inches, 26*0 per cent, on 5 inches, 24*3 per cent, 
on 6 inches, and would be 22*5 per cent, on 8 inches. 

According to the Law of Similitude of M. Barba, not only do different 
lengths give different elongations, but also the same lengths only give the 
same elongations on pieces of the same diameter, and, in general terms, for 
the same material only, similar figures give the same elongations. Thus, a 
test piece 0*564 inch diameter by 2 inches long (as we have already shown) 
would not give the same elongation as a test piece 0*564 inch diameter by 
4 inches long, nor would one 0*798 inch diameter by 2 inches long give the 
same elongation per cent, as one 0*564 inch by 2 inches long ; but one 0*798 

inch diameter by — ^--^ —— , , or 2*83 inches long, gives the same elonga- 

0564 mches 
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tion as the first. These points are well worthy of careful thought, for, 
although complications can be avoided in most cases in one's own testing by 
keeping to standard dimensions, it is impossible to compel others to do the 
same ; yet it is often necessary to compare one's own results with those of 

other workers. Hence, some engineers ask for the figure —p= to be always 

va 
given, so that a fair comparison between elongations may be made ; for those 

test pieces in which — p are equal are obviously similar figures, I representing 

the length between centre punch marks and a representing the area of the 
section, Ja is proportional to the diameter. Several people to whom these 
matters have been mentioned have doubted their accuracy, whether from 
prejudice or experiment is not known to us ; but it is well to state that we 
have made several experiments as occasion arose in ordinary testing work on 
all these points, and all have corroborated M. Barba's statements. As an 
example, a test piece of one steel 0*564 inch diameter by 2 inches long gave 
an elongation of 23*0 per cent. ; whilst one 0*712 inch diameter by 

, or 2'53 inches long, gave an elongation of 23*3 per cent. In 

case it might be thought that the difference in length was too small to make 
any difference in the elongation per cent., a test piece of another steel w^as 
tested later to meet the objection, when 0*564 inch diameter by 2 inches 
long gave 32 per cent, elongation and on the same diameter, but 2*53 inches 
long showed 27*7 per cent, elongation. 

Alternating Stress Test. — The fact already mentioned that tensile testing 
sometimes fails to give all the information desired has led engineers to specify 
other or added tests for certain work, as in the case of the drop and the bending 
tests. Behaviour under rapid alternations of stretss below the elastic limit has 
been much to the fore among experimenters recently ; but Prof. Arnold has 
designed an alternating stress test which, unlike most of the others, can be 
made in a very short time, and the peculiar feature of which is that the sample 
is stressed above the elastic limit, a piece |-inch square or round being held 
firmly in a hardened steel die and struck 3 inches above the surface of the die, 
so that it is moved to and fro ^-inch on each side of the centre about 670 
times per minute. The method has given some interesting and important 
preliminary results in studying the treatment of castings, but it is too soon 
to make any special pronouncement, and there is not space to discuss the 
detailed results. 



CHAPTER XXXVI. 

mCBOOBAFHIC ANALYSIS. 

To many the microscope may seem an unnecessary refinement, and not at all 
in keeping with the work of a foundry. Experience proves, however, that 
its use has a commercial value, as has been distinctly shown in Chapter XXXIL, 
the micrographs there given illustrating one method of attacking problems 
not open to solution by other means. Not only must the founder know the 
constituents present in his metals, but he should also know how those 
constituents are distributed in the mass of the metal. This involves a study 
of structure, and, at the outset, structure must not be confused with the 
appearance presented by a fractured surface. A fracture reveals only the 
appearance after breaking by a force, such as a blow or a pull, and even the 
nature of the force used to eflfect rupture and its manner of application have 
a considerable effect on the appearance of the fracture. In breaking pig-iron 
the greater portion of the fracture follows the plates of graphite, and, as a 
result, the broken surface may suggest a preponderance of graphite incon- 
sistent with the actual composition of the mass. A crystalline fracture, one 
having a brilliant or sparkling appearance, generally indicates a crystalline 
material, the crystals of which are only loosely held together, or are separated 
by some brittle cement, or even the individual crystals, which are so 
perfectly developed that they show real crystal cleavage, definite planes of 
weakness within the crystal. A fibrous fracture may also be given by 
highly crystalline bodies, such as lead, copper, or pure iron, for in that case the 
crystals are soft and ductile, and cling together, so that the fracture is fibrous 
because these crystals have been pulled out in the direction of the stress. 

Structure, then, may be described as the internal architecture ; and whilst, 
under certain conditions, the architectural arrangement may be visible to the 
naked eye, in the majority of cases aided and magnified vision is essential. 
This study of the structures of metals is known as metallography. Amongst 
early workers in the science the name of Henry Clifton Sorby will always 
stand pre-eminent as the father of the introduction of the microscope to the 
study of the structure of rocks, as he also, some years later, was the first to 
apply the microscope to the examination of the minute structure of metals. 
Professor Wm. Nicol of Edinburgh had prepared thin transparent sections of 
fossil wood which revealed the structure of the original wood. Dr Sorby saw 
these, and applied the methods to rocks, thereby revealing their internal 
structure. He also carried the work on to the examination of the opaque 
bodies, metals, and thus laid the foundation of metallography. For a long 
time Sorby's work lay dormant, and we have heard him tell how geologists 
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ridiculed the idea of- examining mountains under the microscope, and metal- 
lurgical applications were ignored for years. Although, as Sorby showed, 
there are remarkable similarities between the structure of igneous rocks and 
metals cast or forged, a rock section when ground down to a thin slice can be 
examined by transmitted light ; whilst a metal section is opaque, and can only 
be examincii by reflected light. This deprives the metallurgist of some of 
the most valuable tests open to the petrographer. 

Martens in Germany did a vast amount of microscopical work on the 
structure of metals, but the renaissance and extension of Sorby's pioneering 
work in the true spirit is largely due to Arnold, Osmond, and Stead. Since 
then the field seems to have become almost fashionable ; but, unfortunately, 
although much valuable material is to be found scattered through various 
publications, much ill-digested matter has been contributed by careless or 
incompetent workers, which must sorely try the student. 




Fio. 222.— Structure of Pure Metal. 



Only a general survey of metallography is given here from a purely 
foundry point of view, drawing all examples from our joint experience and 
avoiding the technics of the microscope as an instrument and the preparation 
of sections. No attempt is made to discuss conflicting theories, or to enlarge 
on theoretical niceties, and the views given are those deemed suitable for 
practical men. Practically speaking, all metals are crystalline. Assuming 
the metal to be chemically pure, then in mass it will be built up of a series 
of crystals, each boiuided by its contact with its neighbours and not necessarily 
by crystal faces. A plane section cut from a pure metal, when polished and 
etched, shows under suitable magnification a series of lines which mark the 
crystiil l)oundaries, as in fig. 222. Whilst representing the general appearance 
of most pure metals when viewed under the microscope, this illustration does 
not define the size of the cr\\stals. Actual size varies with the metal, and, 
for any one metal, with the rate of cooling from a high temperature, the 
slower the cooling the larger are the crystals and the more geometrical are their 
boundaries ; conversely, nipid cooling results in a finer type of crystallisation. 
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Deeper or more prolonged etching will generally show not only crystal 
boundaries, but also a little of the internal structure of the individual crystals. 
Certain lines appear, which, consisting of parallel series in each crystal, have 
different directions in different crystals. This is expressed by saying that the 
orientation is constant within one crystal, but varies from one crystal to 
another. Comparatively few metals are met with in a state of perfect purity, 
but the foregoing is essential as a basis for the study of the nature and 
distribution of impurities or other constituents. 

When a foreign substance is added, or is present, it may be isomorphous 
with the metal, that is, it may crystallise in the same form and solidify as one 
substance with the metal ; or, on the other hand, it may of itself, or when 
combined or alloyed with a portion of the metal, form a substance that will 
not crystallise with the metal, and in this case the crystals separate in a state 
of purity and reject the impurity, which is found on solidification as a separate 
constituent. With the former type of impurity the structure is, practically, 




Fio. 223.— Structure of Pure Metal, with Trace of Impurity. 

as shown in fig. 222, whilst with the latter type the impurity may show in 
section as a network embracing pure crystals, as in fig. 223, or as small roimded 
particles, as in fig. 210. 

One of the most troublesome problems of metallurgy is that of determining 
the particular form of this thrown-off material when it is a brittle substance, 
and the importance of this form has already been discussed in connection with 
steel castings (Chapter XXXII.). 

Obviously, the properties of a metal possessing a structure like that shown 
in fig. 223 are represented by the character of the network. Assuming the 
network to be brittle, then, no matter how ductile the individual crystals may 
be, the mass will be brittle, for the ductile crystals are completely isolated from 
each other. The rejected material may also have a lower melting point and a 
different contraction coefficient to that of the pure metal. Thus, the contmction 
of the pure crystals may be well advanced before the rejected compound 
solidifies and commences to contract. The nett result is that the cohesive 
force acting between the crystals and the network is weakened, or, in aggravated 
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cases, a minute space may be developed. This is of some moment in the case 
of water or steam-tests, and, for the sake of clearness, a narrow space is shown 
traversing one of the lines of network in fig. 223. Translating such a structure 
into the solid, the metal would be traversed by minute intercrystalline spaces, 
and thus tiny routes are offered for the percolation of water under pressure. 
A result of this kind may be actually obtained by adding small amounts of 
sulphur to pure iron, the result being that the leakage takes place along 
the interspaces between the crystals of pure iron and the meshwork of iron 
sulphide. 

Mere optical effects, in the case of sections which have necessarily to be 
examined by reflected light, must be allowed for, and fig. 224 shows a typical 
example representing an actual photograph of perfectly pure copper. The 
crystal junctions will be readily seen, and it will also be. noted that some of the 




Flo. 224.— Structure of Pure Copper, x 58. 

crystals are much darker than others. The white junctions might be mistaken 
in a photograph for brittle or other cements, but when examined by suiting 
the focus to each point in turn, it is plain that they only represent reflection 
off a sloping portion of one crystal leading up to the other. That the dark 
crystal is only due to an effect of lighting may be proved by revolving the 
section, when the dark one becomes light and some of the lighter crystals 
change to dark. 

Fig. 225 represents the same copper as is shown in fig. 224, but alloyed 
with 0*2 per cent, of antimony. This impurity is an exceedingly objectionable 
one, and the meshwork shown in fig. 225 gives a very clear reason for the 
adverse influence of antimony on the mechanical and electrical properties of 
copper. Figs. 224 and 225 are from the authors' photographs from sections 
expressly prepared by Arnold <fe Jefferson to illustrate the influence of small 
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amounts of impurity. Obviously, when the addition combines with a certain 
amount of the excess metal to form an alloy, then its effect is intensified. 




Fio. 226. — Structure of pure Copper, with 0*2 per cent of Sb. x 68. 




Fio. 226. — Stucture of Pure Copper, with Oxygen, x 68. 

Whilst it is unlikely that less than J lb. of antimony, evenly disseminated in a 
free state through 99*8 lbs. of pure copper, would have any marked effect on 
its properties, it is easy to realise that, when the antimony separates out as 
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an alloy and forms thin walls, effectually isolating each ductile crystal, the 
strength of the mass will be that of the investing membrane. 

Fig. 226 is an interesting structure to compare with that of the pure copper 
shown in fig. 224. It represents copper, melted without any special pre- 
caution ab to oxidation ; the result is a composite structure of apparently two 
distinct constituents. We have obtained many and various types of structures 
from sand cast copper melted under different conditions of oxidation, but fig. 
226 is sufficiently far removed from fig. 224 to give an interesting comparison 
and to convey a moral to the student. 

Good examples of these two types may also be drawn from gold and 
from iron. Fig. 222 might represent a microsection of either gold or iron at 
different magnifications. Add a few tenths per cent, of silver to the gold, 
the structure is unaffected, the silver crystallising out as one with the gold. 
Silicon added to the iron gives the same result, probably dissolving as a silicide 
of iron ; similar substances, in which the added material crystallises out 
with the other as a homogeneous mass, are called solid solutions. It must 
not be assumed that in these cases there are no changes in properties, for the 
additions have a subtle influence, the silver stiffening the crystals of gold 
slightly and the silicon most probably helping to perfect the crystallisation 
of the iron and giving some tendency to the formation of cleavage planes. 
Add 0*2 per cent, of sulphur to the iron, the sulphur combines with the iron 
to form sulphide of iron, which, on cooling, is rejected by the crystals of the 
metal. Add 0*2 per cent, of lead to the gold, the lead forms an easily fusible 
alloy with a small quantity of the gold, and this alloy is also rejected by the 
crystals in such a way that the structure in either case is very much like fig. 
223, and the metal is more or less brittle. A term very much used in speaking 
of the constitution of metals is Eutectic. The eutectic is the alloy of lowest 
melting point in a series of alloys. Thus, lead melts at 327* C, tin at 232' C; 
but an alloy of 2 of lead to 1 of tin begins to solidify at about 230* C, when 
the lead crystallises out until a composition of 31 per cent, lead to 69 per cent, 
tin (nearly PbSn^) is reached, which solidifies as a whole at 180* C. This alloy of 
lowest melting point or mother liquor of the lead-tin series is known as the lead- 
tin eutectic. It is of a definite composition, has a definite solidifying point ; 
and a usual feature of eutectics is that, on solidification, they split up into two 
constituents, and on etching a polished section they show generally a more or 
less definitely striped appearance, as in the case of Stead's phosphide of iron 
eutectic containing 10*2 per cent, phosphorus (see figs. 241 and 242). 

We have seen that sulphur combines with some of the iron, and the 
disposition of the sulphide may make the iron brittle, but sometimes the 
added material may combine with a portion of the metal, and the compound 
may have the effect of giving us alloys of great importance. Take the case of 
the copper-zinc alloys. The exact theoretical changes that take place are much 
discussed ; but we give only one view, with the warning that there are others 
(which do not, however, affect the practical results). Copper alloyed with 
10 per cent, zinc presents the structure shown in fig. 227, which is a network 
of a definite yellow compound or alloy of copper and zinc nearly corresponding to 
the formula CugZn (66 per cent, copper, 34 per cent, zinc), distributed through 
a groundwork of copper. The yellow portion of this alloy may be called true 
brass. As the content of zinc is increased, the area of the true brass is 
increased, until, when about 34 per cent, zinc is reached, the whole of the 
structure is just one yellow field of true brass. When the content of zinc is 
still further increased, the compound Zn^Cu appears and increases in amount 
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Fig. 227.— Structure of Red Brass, x 230. 




Fig. 228. —Structure of Muntz MeUl. x 360. 
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as the content of zinc is increased, and thus, pure Muntz metal alloys consist 
of two constituents CugZn and Zn^Cu. There is some difference of opinion 
as to the former, being a real chemical combination, many workers holding it 
to be an alloy of CuZn with copper, but we think that Laurie has proved his 
point with regard to the ZajCu being a true chemical compound, even in the 
solid metal. An average cast Muntz metal structure is shown in fig. 228, in 
which the light portions represent true brass and the dark areas the compound 
ZugCu. Fig. 229 shows a more attenuated arrangement of the dark con- 
stituent in the yellow ground of true brass, and this represents a type of 
structure common in high-tenston bronzes. 

The copper-zinc series of alloys give a good illustration of the gain in 
properties due to a composite structure. Thus, ductile true brass is stiffened 
by the distribution through it of the harder compound Zn^Cu ; but when the 




Fio. 229.— Structure of Muntz Metal, x 230. 

compound is present in excess, as when 40 per cent, zinc is exceeded, then by 
virtue of its own brittleness, and owing to the decreasing amount of the ductile 
CugZn, decisive hardness and brittleness in the alloy is manifested. 

Another example of the beneficial effect of dissimilar crystals side by side 
is found in the case of gun-metal, for, as in fig. 230, we have ductile copper 
modified by the distribution of hard SnCu^. This compound is extremely 
hard and brittle, it possesses a silver white colour, and to it is due the hardness 
of gun-metal. Here, again, an increase in tin results in an increase in the 
amount of hard SnCu^, and, as noted in the chapter on alloys, experience has 
shown that a limit of 10 per cent, tin is sufficiently high for ordinary gun- 
metals. Exceeding this amount there is not sufficient ductile copper to temper 
the brittleness and hardness of the compound. Fig. 231 shows another type 
of gun-metal structure induced by casting at a very low heat. The differences 
in mechanical properties are worth noting, and the very perfect tj'pe of 



MICROGRAPHIC ANALYSIS 



345 




Fio. 280. — Structure of Pure Gun Metal, x 58. 
Maximum Stress, 20 '0 tons per square inch. Elongation, 16 per cent, on 2 inches. 
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Fig. 231.— Sti-ucture of Pure Gun Metal, x 68. 
Maximum Stress, 9*5 tons per square inch. Elongation, 2*8 per cent, on 2 inches. 
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crystallisation of fig. 231 forms a strong contrast to the interlocked and broken 
up appearance of fig. 230. These two structures represent the two extremes 
met with in the examination of many gun-metals of identical composition. 
They show that, when two dissimilar constituents are present, each constituent 
should be merged well into the other, in order that the properties of the whole 
may be a blending of their separate properties. With crystallisation exhibiting 
a pronounced straight line structure, lines of weakness are evidently introduced. 
Iron-carbon alloys have received a much greater share of attention than 
has been given to the copper alloys. Here metallography owes a very con- 
siderable debt to Arnold, who published " The Influence of Carbon on Iron " 
(Proc, I.C.E., 1895), in which he clearly showed the influence of carbon, not 
only on the mechanical properties of iron, but also its influence on the micro- 






Fig. 232. —Laminated Pearlite. x 1000. 

structure. The structure of pure iron may be taken to be as shown in fig. 222. 
Crystals of pure iron, as seen under the microscope, are called ferrite. When 
carbon is added to iron it most probably diffuses evenly through the molten 
mass, but on cooling from a high temperature it segregates into areas con- 
taining about 0*9 per cent. C; while above about 700* C. it forms a homogeneous 
constituent corresponding to the formula Fe24C. If quenched above this 
temperature these areas remain homogeneous and form hardenite, a flint 
hard constituent. If cooled, at a normal rate, to the temperature of the air, 
then a little below 700" C, these homogeneous areas break up into iron and 
FegC (Fe.24C = Feo^ + FcgC), and, still occupying practically the same areas, 
they now consist of alternate plates of carbide of iron (FcgC) and of iron 
varying in coarseness according to the rate of cooling and known as pearlite. 
Evidently, if a sample contains less than 0*9 per cent, carbon, its microstructure 
will consist of pearlite and ferrite (see fig. 207), and as the carbon is increased 
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80 does the pearlite increase and the ferrite decrease until 0*9 "per cent, is 
reached, when the whole area is pearlite. Fig. 232 represents such a casting 




Fig. 233. Granular Pearlite. x luOO. 



after long annealing ; and, as it shows the striped character of a eut^ctic, pear- 
lite has been called by some the carbon-iron eutectic ; but, as it is formed 




Fig. -234. — Su^iersaturated Steel, x 1000. 

long after the most fusible constituent of iron and steel has solidified, the 
unsuitability of the term need hardly be pointed out. Some of the advocates 
of the term, having tardily seen the true position, propose now the term 
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eutectoid (like eutectic) ; but to commonsense practical men, Prof. Arnold's 
seems to be the best, namely, saturated steel, or true steel as a descriptive 
term. Until the whole field is pearlite, the steel is an unsaturated one, con- 
taining areas of pearlite or true steel and ferrite. When more than 0*9 per 
cent, carbon is present, the excess is simply thrown off as Yefi structurally 
free, when it is known as cementite, so that this would be called a super- 
saturated steel, consisting of pearlite and cementite (fig. 234). Among all the 
controversies, the only views with much support are Arnold's view of pearlite 
becoming an attenuated compound Fe24C and the solution theory of FcjC dis- 
solving in Feg^, and, although important theoretical matters are involved, practi- 
cally, there is little to worry about. . In either case, if we think of FejC com- 




Fio. 235.— White Cast-iron, x 160. 



bined with or dissolved in iron below 0*9 per cent, carbon, unsaturated is a correct 
term, and above 0*9, as the hardenite rejects the excess carbide, supersaturated 
steel is not only a correct but a good descriptive term. Some saturated steel- 
castings were comparatively brittle, and their structure was represented by 
striped or laminated pearlite (fig. 232). They were heated to about 950° C, 
and cooled in air, with the result that their pearlite is of the type represented 
in fig. 233, and their quality was greatly improved. The harmless little bleb of 
manganese sulphide may be noted in the photograph. 

As the amount of carbon is increased, so the cementite increases until the 
composition of a pure white iron is reached. The microstructure of such an 
iron is shown in fig. 235, in which it is seen to consist of pearlite and cementite ; 
the effect of these on the nature of the mass has already been discussed under 
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cast-iron. When other elements are added, the problem becomes increasingly 
complex, and, instead of a few pages, a treatise would be required to give an 




Fio. 286— Grey Cast-iron, x 150. 




Fio. 237. — Grey Cast-iron. (Section prepared by Dr. Sorby in 1864.) x 460. 

adequate idea of the subject. A few points may be mentioned to show tend- 
encies. If manganese be present, it tends to prevent the pearlite becoming 
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laminated, but a slow enough cooling neutralises this tendency. Also, with 
manganese, the saturation point is sooner reached than with pure iron and 
carbon ; thus, with 0*4 per cent, of manganese the saturation point would 
be somewhere about 0*85 per cent, carbon. When silicon is added to the 
high carbon series it probably dissolves as silicide in the iron, and seems to 
decompose or prevent the formation of carbide, so that, on cooling, a portion 
of the carbon is present in the free state, and crystallises out, as graphite ; 
and the whole structure is made up of graphite, ferrite, and more or less pearlite, 
with, sometimes, cementite (depending on the amount of carbon retained in 
the free state). The bearing of this on the properties of grey iron have also 
been discussed under cast-iron. Fig. 236 shows a pure grey iron made by 
adding 2| per cent, silicon to the washed metal shown in fig. 235. Small 
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Fio. 238.— Fine Graphite, x 150. 

groups of ferrite crystals are very plainly seen, together with graphite and 
some pearlite. Fig. 237 is of interest as being a micrograph from one of 
Sorby's sections of No. 3 Renishaw grey iron, polished and etched in 1864, 
and showing pearlite, graphite, and phosphide eutectic. Figs. 238, 239, and 
240 show how the size of the plates of graphite varies, and the important 
bearing of this on the strength of the metal should not need to l)e further 
impressed. 238 is from a casting of ^ inch diameter x 150 diamaters, 239 from 
a casting 2 inches in thickness x 58 diameters, whilst 240 is a section of No. 1 
pig X 58 diameters. 

When phosphorus is also present in grey pig-iron it exists as FcgP, and 
sepjtnites as a brittle phasphide eutectic, as shown in figs. 241 and 242, and 
those who would study this question in detail should digest Mr Stead's classical 
paper on the subject, '' Iron and Phosphorus," Jour. LS.L, 1900. II., pp. 60-155. 
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Ffo. 239.— Medium Graphite, x 68. 




Fiti. 240.— Coarse Graphite, x 58. 
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Fig. 243 represents the structure of an American blackheart casting. Here 
a white iron has first been formed, and a varying quantity of the carbide 




FiQ. 241.— Phosphide Eutectic. x 1000. 

subsequently decomposed by heat treatment. Under these circumstances the 
carbon separates in a free, but, apparently, in an amorphous form, so that, in 




Fio. 242.— Phosphide Eutectic. x 1000. 

the present state of our knowledge, it may be called simply amorphous carbon. 
There are also pearlite, ferrite, and some manganese sulphide blebs present. 
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Fig. 243.— American Blackheart x 860. 




Fio. 244.— Alloy of 60 Copper, 60 Nickel, x 1000. 



23 



354 



GENERAL FOUNDRY PRACTICE 



As a final word, let it be remembered that this is but an introduction to 
metallography, and that not only variations of the types given are met with 
on every hand, but that two dissimilar types may be found in the same piece 
of metal. Fig. 244 shows the structure of a 50 copper, 50 nickel alloy, and 
fig. 245 shows a portion of a very mild steel with large crystals on the outside 
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Fio. 246. — Example of Fine and Coarse Crystallisation, x 150. 

and small on the inside ; and as the figure represents about one-fiftieth of an 
inch across, the endeavour to picture the conditions under whicli such a 
structure was formed will be an interesting puzzle for the student, and tend 
to foster that modesty of thought which comes when one has attained 
sufficient knowledge to reach the stage of seeing how great is the field yet 
unexplored. 



CHAPTER XXXVII. 

COMMON FAULTS DUE TO THE METAL. 

It is obvious that a waster casting may be due to faulty moulding, or to faulty 
metal, or even to a combination of the two causes. These sources adipit of 
much discussion, but for the present we are concerned with inherent faults 
in the metal. Should the fracture of the metal show blowholes, these may 
be due to either of the causes. In the case of steel, if from the mould, they 
are coloured or oxidised, whilst those for which the metal must be blamed 
are clear and bright, unless with very badly blown metal, when some, next 
the skin, seem to break through, and admitting air, are consequently dis- 
coloured. Blowholes are generally an effect of composition, although it has 
recently been shown that it is not enough to consider only composition as 
ordinarily determiped, but that the manner of working the heat in making 
the metal haiS a considerable influence (see p. 303). One good point about 
dieep-seated blowholes is that they minimise contraction stresses, but their 
use for this purpose is not generally available, as they are apt also to appear 
at surfaces which are required to be solid. Drawn holes represent faulty 
feeding, and the line of attack to remove the fault should be clear. In this 
work, due prominence has been given to the importance of chemical composi- 
tion ; and in a case of failure requiring investigation, the flrst step is to 
ascertain, by analysis, the constituents present in the metal. Should impurity 
be in excess, or the general composition prove to be one known to be imsuit- 
able for the purpose, then a necessary alteration is at once revealed. The 
composition being favourable, then the condition of the metal is of importance, 
and here a microscopical examination will often indicate whether the treat- 
ment has been correct. In this way, faulty annealing in the case of steel or 
of malleable iron castings may be detected. Apart from any of these features, 
troubles may arise in the form of wasters, the causes of which are extremely 
hard to locate. 

Of matters not already dealt with, the problem of the influence of oxygen, 
principaUy in its character of dissolved oxygen or oxide, is of the first 
importance, and has to be faced daily in every steel and brass foundry. An 
oxidised metal docs not necessarily imply a blown metal, for, though steel 
castings made of metal from which the oxide has not been properly removed, 
are generally much blown, copper castings may be perfectly free from blow- 
holes and yet be so saturated with oxide as to be harsh and dry. Behaviour 
under forging is a characteristic test for iron containing oxide, and such an 
iron will crumble or work dry under the hammer. Excess of oxygen in metals 
induces red shortness, a point possibly in itself of little moment to the 
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founder, only that at atmospheric temperatures excess of oxygen is distinctly 
shown in dry fractiires and low elongations under tests. 

Pure iron is not a commercial foundry product, although castings as low 
as 0*08 per cent, carbon are produced by the surface-blown Bessemer process. 
Before casting such a metal, additions of manganese and aluminium must be 
made in order to remove oxygen and bring the metal into a condition to make 
sound castings. Herein lies a point of moment, for the more intensely oxidis- 
ing the conditions of manufacture, the greater the amount of deoxidising 
agents required not only to be added, but to be left in the steel as excess, in 
order adequately to remove the oxygen in the time available. Thus, bottom- 
blown Bessemer castings, to ensure a sound and oxide-free product, must 
generally contain 0*8 to I'O per cent, manganese in the finished casting. 
Castings from the surface-blown Bessemer process, in which apparently the 
oxidation of the iron is not so pronounced, are successfully produced when 
required so pure, by adding sufficient manganese to leave a content of 0*3 per 
cent, plus the addition of 0*06 per cent, aluminium just before casting, to pre- 
vent the formation of blowholes. With carbon under 0*1 per cent, this con- 
stitutes a nearly pure iron casting, and as such is specially applicable to 
electrical purposes. Given a high temperature coke crucible furnace, pure 
iron can be melted, and, by the aid of aluminium alone, sound and tough 
castings obtained. Here, however, the oxidising influence is at a minimum, 
the surroundings being often actually reducing. Prof. Arnold was the first 
to produce successfully sound castings of practically pure iron in sand, and 
typical results are as follows : — 
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These tests have a two-fold interest, as illustrating the mechanical pro- 
perties of sand-cast pure iron, and as exemplifying the activity of traces of 
aluminium in preventing the formation of blowholes and enabling sound castings 
of such purity to be made. One of the best examples of oxygenated iron is 
found in overblown Bessemer metal, a condition brought about by the fact 
that although, when considerable amounts of carbon, silicon, and manganese 
are present in the bath, the oxidation is preferential, and the iron is not 
vigorously attacked, these elements are nearly eliminated when the oxygen 
of the blast combines with the iron to form oxide of iron which is retained by 
the metal. P. Longmuir, in conjunction with Dr. Carpenter, as a preliminary 
to determining the solidification ranges of a series of nickel steels, melted 
some pure iron in an injector gas crucible furnace under conditions which 
proved to be strongly oxidising. The particular object in view was to ascer- 
tain if any difference existed between the readings given by a protected and 
a bare thermo-couple. This object was not realised, for the oxide of iron on 
the surface of the molten metal immediately attacked the platinum wires of 
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the couple, and, on again heating up for another test, the crucible broke down. 
Exactly 3 lbs. of iron had been charged into the crucible, and, after the 
furnace had cooled, every particle of metallic iron was recovered, this being 
assured by the fact that the solid bottom of the furnace was thoroughly 
chipped out. The exact weight of metallic iron recovered was 36 ozs., represent- 
ing a loss of 12 ozs., or 25 per cent, of the charge. The value of the experi- 
ment lies in giving in a tangible form the influence of oxygen on molten iron, 
even when the melting is done in a crucible, but surrounded by a strongly 
oxidising atmosphere, and as showing that, although at first the oxide formed 
may be absorb^ by the iron, on reaching saturation the excess oxide attacks 
the walls of the containing vessel. The metallic iron remaining was dry, 
indicating its saturation with oxide. 

A simple and easily conducted experiment consists in heating iron turnings 
in a dry but oxidising atmosphere, when, even at a dull red heat, the whole 
of the turnings are converted into oxide. This, in the solid ; hence, in melting 
fiunaces with their higher ranges of temperature and the consequently in- 
creased chemical activity, the matter demands every attention from the 
founder. 

With grey cast-irons, owing to the very appreciable amounts of silicon and 
manganese present, the oxide problem during melting is of less moment. 
That a slightly oxidising atmosphere exists is shown by the silicon and man- 
ganese losses and the slight change in carbon. In our personal experience 
we have not in any instance been convinced of the absorption of iron oxide by 
passing grey cast-iron through a normally worked cupola, nor have we had 
trouble with grey iron castings that we had cause to think was due to oxide. 
However, Dr. Moldenke, the weight of whose authority none would dispute, 
advances a strong plea for the view that, under certain conditions, oxides are 
present in cast-iron and advises the use of titanium as a deoxidiser. As a 
side light, certain irons have the reputation of being of a stronger nature 
than others of a similar composition, and our observations point to this special 
nature or body as being coincident with conditions which would favour the 
absence of oxide. It is also singular that pig-iron from a rapidly driven fur- 
nace does not seem to possess the same body as do similar grades of iron from 
a normally worked furnace. If oxygen is present in cast-iron, in all probability 
it is there before that cast-iron has been through the cupola. Dr. Moldenke's 
views may therefore simply reflect one result of the rapid driving of American 
blast furnaces. The question of oxygen in cast-irons is, however, a very open 
one, and calls for much further investigation. 

The relations between copper and oxygen are perhaps more fully appre- 
ciated than those between iron and oxygen. Sheet copper heated to a good 
red heat in the oxidising temperature of a muffle furnace is completely 
converted into oxide, a process used in laboratories for preparing pure 
oxide for use in carbon estimations by combustion. One characteristic 
feature is the influence of cuprous oxide on the melting point of copper. 
Heyn and Bauer have shown that, although pure oxygen-free copper solidified 
at a temperature of 1084° C, as the content of oxygen increases, the tem- 
perature of solidification steadily falls, until, when 3*5 per cent, of cuprous 
oxide is reached, the mass solidifies at 1065' C. ; in a sense this lower 
limit of 1065* C. marks a saturation point, for, with further increments 
of oxygen, the cuprous oxide appears structurally free in the solid metal, 
and the temperature of solidification rises as the amoimt of oxide present is 
furtlier increased. 
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Various methods are followed iu order to prevent the retention of oxide by 
copper during melting. The usual text-book advice is to cover with a layer 
of charcoal ; but this method, under foundry conditions and using commercial 
copper, will not regularly produce good copper castings. It should be 
remembered that, in the case of ordinary copper, a small amount of oxide 
must be retained in the metal to obtain the best effect, as this, in some way, 
neutralises the evil influence of the impurities present. Thus, in the refining of 
copper, which is carried out in a reverberatory furnace, when the metal has 
too much oxide left in it, the ingots are sunk on the top, are dry and brittle, 
and break with a curiously dark red granular fracture. After the greater 
proportion of the oxide has been removed by a layer of anthracite or of char- 
coal thrown on the surface of the bath, the process is hastened and perfected 
by stirring with a pole of green wood, an operation known as poling. The 
gases given off by the wood bubble up through the metal, and not only mix it 
well but help to reduce oxide. When this has gone far enough, a spoon 
sample will forge well, and a nicked bend test on the forged sample bends 
double, showing a beautiful salmon coloured fibrous bend ; and ingots cast 
from the bath now set almost level. If poling is carried too far, then the 
metal in the ingot is blown, and the surface of the ingot is raised in the middle 
or convex, and the metal has again become brittle. The first metal is said to 
be imder-poled, the second is called tough pitch, and the third is over-poled 
metal. These points are readily tested by experiments in a small crucible, 
and we have often repeated them with commercial copper on as small a charge 
as 8 ounces of copper. Percy says that pure electrolytic copper cannot 
be overpoled, and this lends support to the view that the function of the 
oxide in ordinary copper is to neutralise the effect of the impurities therein. 
It will thus be clear why it is no easy task to make copper castings by 
removing the oxide by means of some carbonaceous material. In making 
commercial copper castings we have found a modification of the poling method 
successful. The copper was melted, as usual, with a charcoal covering, and, 
immediately before casting, was stirred with a small piece of wood stuck on 
the end of an -iron rod. The operation requires considerable judgment, 
for, if carried too far, the results will be bad, owing to the formation of over- 
poled copper. 

The more easily handled methods of deoxidation lie in the use of agents, 
such as zinc, phosphorus, manganese, etc. Not a few commercial copper 
castings contain appreciable quantities of zinc. So-called copper hammers, for 
example, are made by adding 5 per cent, of zinc to the molten copper. A 
more sparing use of zinc can be made to yield exceptionally good castings of 
high copper content (99*5 per cent.) and high electrical conductivity. The 
method is, after melting under charcoal, to " flare " the copper, that is, for 
a 50-1 bs. crucible charge, to push a piece of zinc the size of a peach to the 
bottom of the crucible. The oxygen of the cuprous oxide will pass over 
to the zinc, and, as the temperature of the molten copper is above the 
boiling point of zinc, the vapour of the zinc coming up through the copper 
will carry any oxide formed to the surface. Practically, no zinc remains 
in the copper, and by this plan we have made electrical castings in which 
high electrical conductivity was an essential. The favourite deoxidiser is 
phosphorus, preferably in the form of phosphor-copper containing 15 per 
cent, phosphorus. An addition of | lb. to 50 lbs. of copper will give 
a theoretical phosphorus content of 0*15 per cent. Contrary to what is the 
case for steel, the actual amount of phosphorus remaining in the metal is 
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less than that added, and will depend on the amount of oxygen present in 
the copper. 

Assuming a loss of about 50 per cent., which is not excessive, there would 
be about 0*07 per cent, phosphonis in the castings, an amount which, under 
ordinary conditions, is beneficial rather than injurious. 

Manganese and silicon act in a similar manner to phosphorus, and may be 
procured in either the ferro- or the cupro- form, the latter being used for 
copper, the former for alloys in which the introduction of iron is not a 
disadvantage. 

In the case of nickel, oxide is most tenaciously retained by the metal. 
When making nickel castings the metal must be deoxidised before pouring, 
and the most suitable agent is manganese added as 80 per cent, ferro-manganese ; 
but, if the iron introduced is objectionable, then magnesium or metallic man- 
ganese, such as the Goldschmidt metal, should be substituted. Not only must 
nickel, when used alone, be deoxidised, but also when employed as a constituent 
of alloys, such as German silver and nickel steels. 

Of the metals already dealt with, iron, copper, and nickel, the chief 
feature lies in the fact that they are readily oxidised, and the oxides formed 
remain in the metal, affecting its properties. Metallic tin will unite with 
oxygen at high temperatures, and will also reduce copper oxide, thus : — 
2CU2O + Sn = 4Cu + SnOj, the resulting oxide of tin being retained by 
the alloy. 

On remelting an alloy containing zinc, a certain amount of the zinc is lost, 
mainly by volatilisation or boiling off, the vapour burning into oxide (ZnO) 
when it reaches the air, forming the beautiful " yellow when hot, white when 
cold," material familiar in blowpipe tests. The following example, in which a 
mixed alloy of manganese bronze was simply remelted in a crucible furnace, is 
instructive : — 





Original Alloy. 


After Remelting. 




Ingot Metal. 
Per cent. 


Sand Casting. 




Per cent 


Copper, .... 


59 00 


68-88 


Tin, ... 


0-58 


0-86 


Zinc, .... 


37-92 


2313 


Iron, .... 


1-40 


1-45 


Manganese, . 


0-42 


0-28 


Aluminium, . 


0-48 


0-20 



The most striking features are the loss of zinc, which approaches 26 per 
cent, of the zinc present in the original alloy, and the loss of manganese, which 
is nearly 50 per cent. The increase in copper is simply the result of con- 
centration. A change similar to the foregoing always takes place on melting 
a zinc alloy, and this change should meet with greater recognition than is 
usually accorded it. 

Taking, first, a financial view, a glance at the analysis of the remelted 
metal will show that its constituents have a greater money value than the 
ingot metal, owing to the higher content of the costly metal copper. But, 
although of greater value in a monetary sense, its properties are decidedly 
inferior to those of the original metal. The original metal would yield a 
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maximum stress of 25 to 28 tons per square inch, whilst the remelted metal 
would not exceed 15 tons per square inch. This illustrates the point, 
noted when describing alloys, that all high-tension bronzes for sand castings 
should approximate 60 per cent, copper and 40 per cent. zinc. Therefore, 
before any zinc alloy is cast, the amount of zinc lost during melting must be 
allowed for, if exact compositions are required. 

Brassfoundry losses are usually estimated on the total weight of the alloys 
handled, and figures in the neighbourhood of from 6 to 8 per cent, result. 
This is misleading, and a much better plan is to ascertain which constituents 
of the alloys are lost, in order that the loss may be covered. Necessarily these 
losses must be determined for individual furnaces, but the following figures 
obtained from a typical crucible furnace are of interest. In conducting the 
experiments the authors followed the usual plan of melting the copper under 
charcoal and adding the zinc when the copper was sufficiently fluid to take it. 
The crucible was then heated up to the requisite temperature, drawn, and 
cast. The highest temperature reached is recorded in the following table : — 



Alloy. 


Highest 
Temperature. 


Zinc present in 1 Loss ^f Zinc. 1 
the Casting. 1 


Red brass, .... 
Yellow brass, .... 
Gun metal, .... 
Muntz metal, .... 


1308' C. 
1182*' C. 
1178-C. 
1038" C. 


! 

Per cent. Per cent. 

10-2 28-6 

26 26-1 

1-8 , 27-7 

40-5 ' 19-0 



The loss of zinc is calculated from the difference between the amount 
charged and that found in the castings, and is expressed in terms per cent, of 
the original amount of zinc present. The total weight of alloy melted was in 
each case 50 lbs. The results clearly show that a standard loss of zinc cannot 
be given, and also that the percentage loss of zinc is unaflfected by the amount 
present. A glance down the temperature column will show that the deter- 
mining factor is, under normal conditions, the highest temperature reached 
during fusion, but, if the charge is kept an abnormally long time at a high 
temperature, the loss will be greater. Whilst casting a series of moulds from 
a crucible of yellow brass, zinc oxide fumes are constantly emitted, from which 
it would appear that the content of metallic zinc would be steadily lessened. 
This, however, is not the case, and a wide series of tests have shown that the 
loss of zinc at this stage is practically negligible. 

Taking a composition of the following order, copper 60 per cent., nickel 3 
per cent., tin 1 per cent., and zinc 36 per cent., an application of the 
principles noted would involve treatment as follows : — First melt the copper 
and nickel under charcoal, and deoxidise by the addition of 0*5 per cent, 
metallic manganese, draw the crucible, add the tin, stir, and cast into ingot 
moulds. These ingots are remelted under charcoal, zinc added plus the 
necessary allowance for loss, and, when at the right heat, the crucible is 
drawn and its contents poured into sand moulds. It will be obvious that 
all scrap of whatever nature should, on remelting, have the necessary addi- 
tions made to cover zinc loss. Although it may seem that a little too much 
space has been given to the questions of oxide and oxidation, still their 
importance is such that every founder must perforce give them attention, 
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and only in this way can the full properties of alloys, especially high-tension 
bronzes, be reached. 

Given the right composition, correct treatment in melting, with duQ 
reference to oxidation and a properly formed mould, then one woiild naturally 
expect the fullest properties the composition is capable of yielding. This 
expectation is not always realised, as witness the following results : — 



Maximum stress, tons per square inch, 
Elongation per cent on 6 inches, . 



19 I 21 , 21 
19 25 38 



22 
27 



26 
50 



These tests are all from ordinary grade phosphor bronze, and the composi- 
tion throughout is identical. The fact that from one alloy, melted and cast 
under normal foundry conditions, a range in elongation of from 19 to 50 per 
cent, is obtainable is sufficiently startling ; but, in addition to this, we can 
definitely state that, with one exception, the conditions of melting and casting 
were identical throughout the* series. Variations, such as the foregoing, have 
led P. Longmuir to make a special study of the matter which, commenced in 
1897, is by no means complete yet. However, in broadly viewing the case 
one must recognise that each of the stages adopted in the production of a cast- 
ing contributes its quota to the success, or otherwise, of the final product, and 
also that one stage cannot be specially watched to the exclusion of others. 
Taking the more general of these stages it will be found that the chief determin- 
ing conditions are : — 

1. Composition of the metal or alloy. 

2. Method of melting, including the problems of change of composition, 
absorption of oxide, and influence of gases. 

3. Initial casting temperature. 

4. Preparation of the mould. 

5. The presence of blowholes and mechanically-held foreign matter, such 
as sand, slag, etc. 

6. Shrinkage faults, due to inefficient feeding. 

7. Contraction cracks and stresses. 

8. After-treatment, in the case of white iron and steel. 

With the exception of No. 3, these determining conditions have been fully 
considered, and, in this exception, initial casting temperature will be found 
the only variable in the phosphor bronze tests just quoted. It is only fair to 
add that these tests are selected from a large number, and that No. 5 is an 
abnormally high value. 

In modem foundry practice the governing conditions indicated are readily 
controlled by the exercise of suitable care. The greatest variable in a well- 
organised foundry operated under efficient chemical supervision is the factor of 
casting temperature. To it many mysterious failures may be attributed, and 
it may be that in the case of cast-iron the transverse test is a few hundredweights 
short : or with steel that the elongations and bending angles are too low. 
With brasses mysterious failures are chiefly shown under water or steam tests, 
and an apparently perfect casting will leak or sweat under pressure. Such 
faOures are exceedingly vexing in the case of boiler mountings, and frequently, 
in a series of castings poured from one crucible under apparently identical 
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conditions, one or two will leak, whilst the majority are sound. This appealed 
powerfully when making high-pressure steam and hydraulic fittings, and 
attention to casting temperature led to a very considerable reduction in the 
wasters on testing. Some years ago, when conducting experiments on this 
question, we also observed that the temperature of the metal, in the case of 
chill castings, had an effect on the depth of chill, but subsequent experience 
clearly showed this aspect to be of very much less importance than that of the 
effect on mechanical and water-resisting properties. Some exact figures have 
been given by Longmuir in the Journal, of the Inm awi Steel Institute^ No. 1, 
1903, and No. 1, 1904. The results there given were obtained by studying a 
series of alloys and the effect of varying casting temperatures pn their 
mechanical properties. The temperatures were measured by means of a 
thermo-couple passing directly into the moulds. Fig. 246 shows the plan 
followed ; and the use of cold junction, switchboard, etc., will be understood 
after a study of Chapter XXXI. 

The results obtained from a few typical alloys are embodied in the follow- 
ing table : — 













o 


& ^ 


ches. 


^t 


Alloy. 


Cu. 


Zn. 


Sn. 


No. 


Casting 
Temperature 


Maximum St 

Tons per 

square inc 




11 


■ 




• 




I 1 


1173 


8-38 


6-6 


4-2 


Gun metal, 


87-5 


1-80 


10-20 


i « 


1069 


14-84 


14-5 


16-7 










I 8 


965 


1102 


5-0 


6-4 










/ 4 


1182 


11-48 


87-7 


31-4 


Yellow brass, . 


73 


26-0 




5 


1020 


12-71 


43-0 


35-7 










I « 


850 


7-46 


15-0 


15-2 












1308 


6-85 


13-2 


12-6 


Red brass, 


89-6 


10-2 1 ... 




1078 


12-66 


26-0 


30-3 










\ 


1058 


h^l 


5-5 


6-6 
10-6 










no 

U2 


103& 


12-45 


6-0 


MimtEmetai, . 


68-6 


40 C 


■i. 


973 


18^89 


15-0 


16-1 










64a 


ie-2e 


9-5 


14-8 



In each case every condition, other than casting temperature, was identical, 
special efforts being made to obtain uniform moulds and uniform rates of 
pouring. Pattern runners and gates were used in order to minimise any 
variation due to hand-cut gates. 

In considering these results it may be well to recall specification for gun- 
metal castings, viz., maximum stress 14 tons per square inch, elongation 7^ 
per cent, on 2 inches. These requirements are met by No. 2; but No. 1, 
cast only two minutes before, and No. 3, cast two minutes later than No. 2, 
would most certainly meet with rejection. The elongations in each case from 
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1 to 12 are worth special notice, and it must be remembered that the only 
variable is that of initial temperature. 

Obviously, in the case of a misrun casting, if it is not due to the mould or 
to the method of pouring, the casting temperature is at fault; but the 




Fio. 246. — Method of Measuring Casting Temperature. 

results given, and those to follow, all represent variations within the range of 
perfect fluidity. 

For comparison with Nos. 1, 2, and 3, we extract the following results 
from a large series of connnercial experiments : — 



Poured at inter- 
vals from one 
crucible. 



1 


Sl 


£ _ea 




Maximum St 

Tons per 

square inc 


Elongation 
cent on 2 in 


a 13-2 


5-0 


6 17 


110 


clS-O 


8-6 




Cast at intervals within 
the range of fluidity 
from one crucible. 



These represent Admimlty grade gup-metal, melted and cast luider the 
best conditions of foundry practice, the first set showing high, fair, and low 
heats, as judged by the eye of an independent observer, and the second set 
representing temperatures as judged visually to give erratic results. 

Some results obtained from commercially pure metals are embodied in the 
following table : — 
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MeUl. 


No. 


II 

it 
1 


Maximum Stress. 

Tons per 

square inch. 


Elongation per 
cent on 2 indies. 

1 


Zinc, 


118 
119 
120 


580 
528 
491 


1-80 
1-81 
1-37 




Poured at intervals from 
one crucible. 


f 121 

Aluminium, . A 122 

[ 128 


725 
691 
662 


4-48 
5-62 
5-12- 


g.g Poured at intervals from 
g.Q one crucible. 


Copper, . . 1 


124 
125 
126 


1500 
1446 
1141 


6-60 i 8-5 
7-80 110 
8-80 8-0 


All from one crucible. 


Copper, . . . 


124A 
125A 
126A 


... 


4-52 
6-86 
8-51 


8-0 

100 

8 


Companion bars of Nos. 124 
to 126 heated to 646* C. 
and cooled in air. 


Copper, . 

^ 1 


124B 
125B 
126B 


... 


5-80 
8-86 
9*04 


90 
15-5 
10-0 


Companion bars of 124 to 
126 heated to 543" C, 
and quenched in water. 



The particular feature of this table is, that, in the case of copper, com- 
panion bars submitted to equal after-treatment are not brought to one level. 
In the case of lead the variations due to casting temperature do not survive, 
for it was accidentally discovered that by the lapse of time an apparent re- 
crystallisation obliterates the variations. The following results are typical of 
the work done on commercial lead : — 



No. 



127 
128 
129 



180 
181 
182 



183 
134 
185 



186 
187 
188 



Casting 
Temperature * C. 



580 
480 
360 

575 
450 
370 



I Maximum Stress. 
I Tons per 
square inch, i 



I Elongation per 
' cent on 2 inches. 



Remarks. 



1-44 
1-46 
1-46 



1-41 
1-47 
1-51 



566 


1 170 


40-0 


426 


' 1-71 


40 


856 


1 1-64 


35-0 


580 


1 1-18 


180 


480 


1-48 


85-0 


860 


1 1-30 


42-0 



Tested some time after 
casting. 



Tested the day follow- 
ing casting. 



80-0 
87-5 
46-5 



Companion bars of 
130-182 tested three 
months after casting. 



20-0 
35 
50-0 



Tested six days after 
casting. 



The work carried forward to cast-iron has shown very similar variations to 
those obtained in the case of alloys. The following results are typical of grey 
iron castings : — 
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No. 


CA\ 


Gr. 


81 

1-78 
»> 
it 


Mn. 


s. 


P. 


Casting 
Temjjerature 


Maximmn 
Stress. Tons 
per square inch. 


87 
88 
39 


0-52 

it 
tt 


8-40 
>» 


0-28 

it 


0-04 
It 
it 


0-27 

it 


1400 
1850 
1246 


»7 
141 
10-6 



These particular results are from grey cast-iron melted in a crucible. We 
have obtained similar variations from cupola metal, and, in particular, recall a 
series of transverse test bars, poured from one ladle, the highest result being 
35 cwts., and the lowest 23 cwts., on a standard test piece 3 feet 6 inches x 2 
inches x 1 inch, placed on supports 3 feet apart. 

Results obtained from white cast-iron may be typified by the following 
examples : — 





k _ r\ i. 


Annealed in Ore. 


Heated to above 
1000" C, and 
slowly cooled. 

Maximum Stress. 

Tons per sq. in. 


T«m^^tnr« 1 Maximum Stress. 
Temperature. | >ron8 per sq. in. 


Maximum Stress. 
Tons per sq. in. 


Elongation on 
2 inches. 


1320'' C. 
1230' C. 
1120'' C. 


107 
16 ft 
12 1 


20-6 
29-2 
26-6 


1-0 
8-6 
2 


18-6 
24-0 
21-6 



The analysis of the iron " as cast " was as follows : — 

C.C. 3-40, Si 0-39, Mn 005, S 0*02, P 002. 

The improvement in properties due to treatment will be noted, neverthe- 
less the treated castings have not reached one level. Thus, in spite of the 
chemical changes induced by annealing in ore, and the complete structural 
rearrangement, the influence of casting temperature still holds good. It will 
also be noted that the castings treated by the short anneal also remain a 
relative distance apart in properties. American blackheart castings, poured 
at different temperatures, but otherwise treated alike, have shown similar 
variations to those of the foregoing heat-treated metal. 

In the case of alloys, the comparatively low fusibility gives an exceedingly 
wide range of casting temperature, but as the melting points rise the practical 
range of fluidity is narrowed. Thus, steel with its higher melting point does 
not in most furnaces offer the same range of variation as is to be found with 
cast-iron and alloys. Taking crucible steel first, it is well within the range of 
possibility to cast a hard tool steel at too high a temperature, but, mider 
ordinary conditions, mild steel by the same process can hardly be overheated. 
Fairly similar conditions hold good in the case of open heaiibh steel, for the 
milder the steel, the less the danger of obtaining excessively high casting 
temperatures. The surface-blown Bessemer converter gives, of the three 
methods, the greatest range of fluidity, and, therefore, the widest range of 
casting temperature. If, in the case of mild steels, the probability of exceeding 
a fair casting heal is remote, it would appear that casting temperature, as a 
governing condition, is of comparatively little moment. For example, the 
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following tests do not differentiate between the properties of two sets of cast- 
ings poured from one crucible at two distinct temperatures : — 







Analysis. 




^ 









Casting 
Temperature* 




! • 
1 




c. 


Si. 


Mn. 


S. 


P. 


0-29 


0-14 


0-92 


006 


0-02 


1611 
ir.60 



Condition . 



As Cast. 



Maximum Stress. 
Tons per s^. in. 


^8 


S 

< 


80-9 


7-5 


13-1 


30-1 


7-0 


12 1 




These results are practically identical, and might be duplicates of the 
same steel. Bending angles of the two steels, as cast, were identical. After 
annealing, the first steel bent through an angle of 180', and. in doing so de- 
veloped no flaw. The second one, annealed simultaneously with the first one, 
fractured on reaching an angle of 105°. Other tests on similar low-carbon 
crucible steels, where the fair casting heat can hardly be exceeded, show that 
differences in casting temperature do not result in any marked differences in 
properties, as shown by the tensile tests. Harder types of crucible steel show 
differences under tension-tests, but such types are beyond the range of ordinary 
foundry products. Generally speaking, open hearth steels follow the same 
order as crucible steels ; but when the range of fluidity can be widened by 
obtaining higher initial temperatures, then the influence of varying casting 
temperature is decisively shown on the tensile properties of the resulting steels. 
The perfect fluidity of low-carbon steels from a surface-blown converter has 
been shown in another chapter, and this fluidity necessarily involves high initial 
temperatures. In order to investigate this wider range, Messrs. D. liennie & 
Co., Glasgow, have conducted many experiments for the authors, employing 
for the purpose a 2-tou Robert converter. All conditions, other than casting 
temperature, were identical, the analyses of the cold castings agreed exactly, and 
annealing conditions were perfectly comparative for ea<;b series of castings. The 
following results represent four sets of castings poured from one ladle within 
a few minutes of each other. The castings are in the annealed condition : — 



Analysis. 


Casting 


0. 


Si. 


Mn. 
0-16 


S. 


P. 


Temperature. 


029 


0-07 


0-07 


0-06 


1 Fair 
I Medium 
I, Low 



Maximum 

Stress. Tons 

per sq. in. 



24-2 

27-2 
27-0 
25-6 



Elongation 

per cent, on 

2 inches. 



9-5 
24-0 
12-6 

8-0 



Reduction 
of Area 
percent 

18-0 
82-3 
17-5 
12-0 



The fact that castings poured within a few minutes of each other and 
from the same ladle yield elongations rising from 9| per cent, to 24 per cent., 
and falling again to 8 per cent., is of some moment to steel founders working to 
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a specification. As a further example the following results are given, the values 
being obtained from annealed castings :- - 



c.c. 


Si 


Mn. 


S. 


P. 


fUa*ir.r, Maxlmum 


Elongation 

percent 

on 2 inches. 


Reduction 
of Area 
percent 


0-28 


0-16 


0-29 


0-06 


05 


(High 
]Fair 
( Medium 


80-9 
28-0 
80-8 


15-6 
88*6 
27-6 


16-4 
46-6 
89*2 



It is hardly necessary to quote fiurther results ; the two sets given are typical, 
and should be studied in conjunction with those yielded by the crucible steels. 
Such comparisons as we have made between crucible and surface-blown steels 
show that, with a low-carbon and light castings, surface-blown metal always 
gives the best elongation and bending angles. This is suggestive, and, so far as 
steel castings are concerned, would indicate that the best results are obtained by 
having a high initial temperature and cooling down in the ladle until the right 
casting heat is reached. This is certainly the case with cast-irons, brasses, and 
bronzes, and we have found in practice that the best results were always obtained 
by melting hot, drawing, or tapping, and allowing to cool to a suitable heat. 

A recognition of the fact that there are high, fair, and low casting heats 
within the range of fluidity for the majority of foundry alloys and metals will 
remove many of the vexations associated with specification work. The fair 
heat of any metal or alloy necessarily varies with the contour and weight of 
the casting, but by associating a certain appearance of the molten metal with 
a given type of casting and its resultant mechanical properties, invaluable 
data as to the influence of varying casting temperature is obtained. The know- 
ledge is necessarily intuitive, but it is a comparatively reliable guide, and its 
exercise will lead to more regular results. It should be noted that in visually 
judging the heat of alloys containing aluminium, the deceptive appearance of 
the sluggish skin, graphically described by one melter as " like mutton fat," must 
b3 allowed for. Such alloys often appear much colder than is actually the case. 

Finally, one word on brittle steels. It will be remembered that, in the 
case of the mild crucible steel, tensile tests did not distinguish between the 
two heats, although some difference in behaviour under bending test was 
registered. This steel was not overheated, a statement also applicable to the 
following results obtained from crucible steel of slightly higher carbon : — 
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1 


No. 


C. 


Si. 


Mn. 


S. 


P. 


1 














6 


O 














^ 




97 


0-86 


0-22 


0-89 


0-02 


02 


1560-1600 


As cast 


98 






... I ... 


1470-1600 




97A( ... 


... 




1 


... 


Annealed 


98A 


... 




... 






... 


it 



i.s ' 8.1 

rn tr a a 









86-8 
84*2 
27 
28-2 



12-6 
11-.') 
17-6 
18-6 



Bending 


Tesf 
s to com- 
racture. 


Angle. 


mold 
ersal 
eteF 




^Z-pu 




X 


76 broken 


68 


80 „ 


48 


180 unbroken 


122 


160 broken 


62 



* 270 reversals per min., VV'ii^ch each side of vertical, 
inches from top of die to striker. 



Test piece, f-inch square x 4 
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In the alternating-stress results it will be noted that No. 98, even after 
annealing, does not quite reach the value obtained from 97 in the cast 
condition. Here, again, tension tests do not differentiate between the two 
conditions, either as cast or annealed. In this fact lies the significance of the 
results, for, if with mild steel not overheated, but cast at too low a temperature, 
the usually accepted tests do not select the brittle samples, there may be risk 
of a dangerous steel going into service. This aspect is extremely suggestive 
and well worth further inquiry. 

It is by no means intended to advance faulty casting temperatures as a 
source of all mysterious wasters, for, in view of the many influences at work 
during the production of a casting, such a procedure would be absurd. When 
studying variables, every condition, other than the one under investigation, 
must be as nearly constant as possible. For example, when investigating the 
tensile properties of a series of alloys, every mould, each gate and height of 
runner must be uniform throughout the series, and the fluid pressure on each 
casting, due to the depth of molten metal, should be the same. Further, the 
moulds should be rammed to a uniform degree of hardness in order that 
contraction stresses shall be approximately equal in each case. W. H. Hatfield, 
in a recent communication to the I.S.I. Joum., 1906, II-. pp. 157-188, 
has shown that, experimenting with a series of extremely pure cast^ 
irons, he does not obtain similar variations to those of P. Longmuir. The 
reasons for the differences in mechanical properties produced by varying 
casting temperature are not yet properly understood; and as both these 
investigators are continuing their experiments in this direction, but on different 
lines, a careful comparison of their future results may help towards the 
discovery of the fundamental cause. In conclusion, so far as any given grade 
of metal is concerned, if, in the first place, the composition is right ; in the 
second place, oxidising influences are avoided or neutralised ; in the third, it 
has been brought into a suitable condition with regard to gases ; and, in the 
fourth, a suitable casting heat is chosen, then, under normal conditions, any 
resulting failure will not be due tb the metal, but must be traced to the 
mould. 



CHAPTER XXXVIIl. 

NOTES ON FOUNDET MANAGEMENT 

Generally speaking, the production of good castings at an economical rate 
demands good equipment in the foundry; but, however necessary good tools 
may be, they are useless if mated with bad management and correspondingly 
poor organisation. In this respect an old-fashioned or even antiquated 
foundry, if managed by a good head, will compete with the most up to date 
plant, if that plant is under the charge of an inefficient manager. This is 
only another way of saying that each tool, whether new or old, should be so 
managed as to produce its maximum amount of work. Amongst the tools 
so-called, none are more important than the skilled men of the foundry, and 
it is manifest that any valuable tool is only profitable when engaged on the 
work for which it is specially fitted. Moulders do not make good labourers, 
and a moulder is only profitable when actually moulding. Therefore, any 
scheme of organisation will endeavour, in the first place, to relieve all skilled 
labour of work which can be done by unskilled labour ; in the second place, 
it will endeavour to obtain from each unit or tool its fullest output ; and, in 
the third place, will arrange a definite sequence of operations by which no 
unnecessary ground is covered in the progress of the work. 

Successful foundry management is largely a human question, and the 
temperament of the individual exercises a considerable effect on the result. 
However, excluding personal idiosyncrasies, we may examine some of the 
broad aspects of the matter, and the first question arising is that of dual 
control or divided responsibility between chemist and manager. Under certain 
conditions this plan may prove successful, but in the majority of cases it will 
fail, and fail hopelessly. Under normal foundry conditions no one of the 
various stages followed in the production of castings can be neglected. Each 
stage must be given its due share of attention, and it naturally follows that 
the head of the concern must be familiar with these stages and their relative 
importance. As faults may arise from mould or metal, it also follows that the 
chemist, if he be responsible for the metal, ought to possess a good knowledge 
of furnace working and of moulding, in order to apply his chemical knowledge 
to the particular needs of the case. On the other hand, a foundryman should 
have a knowledge of the metals he handles, which implies that he is able to 
interpret and use results supplied by the chemist. Therefore, if it is essential 
that the chemist be familiar with foundry practice, and that the foundryman 
be familiar with the metallurgy of the particular metals handled, it is obvious 
that two such heads with equal, but divided, responsibility would not lead to 
harmonious organisation. There must be one, and only one, responsible head, 
and experience shows that the best results follow when that head is a practical 
foundryman equipped with the requisite metallurgical knowledge. Such a 
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man will readily avail himself of the chemist's results, and, with the aid of his 
melting and moulding experiences, translate them into efficient castings. 

Given a large foundry, following the three branches of moulding, we find 
a good scheme of organisation in the following : — 

Foundry Manager. 

_ I _ 

I i I . I 

Pattern stores. I Works chemist or Clerical staff. 

Metal stores. ! outside chemist. 



Foundry stores. 



Foremen. 



I I I I I I 

Green sand. Dry sand. Loam. Melter. Labourer. Dresser. 

This subdivision removes detail from the hands of the manager, but at the 
same time leaves him responsible for the efficient supervision of the whole. 
The duties of the foremen in the moulding sections are fairly obvious, but, in 
the case of smaller foundries, dry sand and loam would be combined and 
placed under the charge of one man. The foreman dresser supervises the 
effective cleaning of the castings and grouping them into their respective 
orders for delivery. If a series of furnaces are employed, then a charge 
hand becomes necessary ; and his duties lie in keeping fumacemen and 
furnaces in efficient working. 

The term unskilled labour has been mentioned, but, as regards foundry 
work, this term is relative only; for every operation demands some skill. 
Hence, where a number of labourers are employed it will be foimd advisable 
to have them under the supervision of a charge hand. This is of special 
value where gangs are employed in knocking out boxes, digging and ramming 
pits, etc. Under such a system a raw recruit is soon brought into line with 
the rest, and the nett eflfect is shown in the systematic assistance rendered to 
moulders and coremakers. 

The duties of the clerical staflf vary, according to whether the foundry is 
a constituent part of a works or an isolated unit. Generally, they comprise 
the ascertaining of labour and material costs and recording them in due form. 
The duties of dispatch clerk are : weighing and forwarding completed orders, 
with due attention to the clerical work involved. 

Under this scheme it is- the chemist's duty to provide the manager with 
analyses of raw materials entering the foundry. Here it may be noted that, 
with the exception of steel, comparatively few foundries handle a sufficient 
volume of work to warrant the retention of a qualified chemist. An unqualified 
chemist is worse than useless ; therefore, unless the volume of work is very 
large, the analyses required are obtained from private laboratories. 

The foregoing scheme is essentially simple in character, and is based on the 
well-proved system of having one head solely responsible for his department, but 
providing him with the requisite assistance for the conduct of that department. 
This assistance will naturally vary with the volume of work handled, and 
in a small foundry will be nil. The following details are worthy of note : — 

Foundry Stores. — Given plenty of yard space and good handling facilities, 
systematic storage is an easy problem. Pig-iron should be stacked in grades 
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arranged with a view to feeding the cupola hoist. Sand stocks may be 
planned so as to be almost self-feeding to the sand mills. Moulding-boxes 
and loam plates are more difficult to arrange systematically, but, provided 
the yard space is ample, they can be stacked according to size or type and 
each group arranged to be accessible from at least two sides. The systematic 
storage of pig-iron, coke, sand, and boxes, is, as a rule, well recognised, and 
therefore no further comment is necessary. The systematic storage of 
simdries, such as sprigs, chaplets, facings, etc., is not recognised, and usually 
these materials are distributed at haphazard in odd comers of the foundry. 
With a large foundry an internal foundry stores will not only lessen the 
wastage of material, but will also contribute to the smoother w^orking of the 
foundry as a whole. In such a case, the storekeeper is held responsible for 
all small tools, special slings, etc., not regularly in use. All moulders' tools, 
shovels, riddles, etc., are issued by the storekeeper, and a new man on 
starting can be at once supplied with a full kit and immediately started to 
work. The wages of this storekeeper may seem an unnecessary expense, but 
in a foundry employing a large number of moulders this expense is easily met 
by the more legitimate use of sundries, and is far more than offset by the 
smoother working of the foundry. 

In the case of alloys, lock-up stores are an essential, ow^ing to the higher 
intrinsic value of the metals, such as copper, tin, etc. Here the system of 
storekeeping must be such as to show at once any illegitimate leakage. 

Pattern stores are usual to all classes of foundries, and no difficulty should 
be found in methodically arranging the patterns in easily accessible positions. 

Foundry Costs. — Methods of costing have now been developed to such a 
pitch that one is almost afraid to venture into a field so ably filled by that 
prolific writer, the foundry accountant. However, the man in the shop is 
often anxious to test his work by the cost of its production, and usually the 
factor of greatest moment is the labour cost. This is, of course, distinct from 
prime cost, that is to say, the cost of individual orders, for such work very 
properly belongs to the accounting side. of the management, and details are 
seldom worked out until too late to be of service to the foundry manager. 
Further, prime cost details are often worked out from the time-records kept by 
the man working on the orders so treated, records which are not always reliable 
guides. The following notes give a plan personally found to be of value, and 
are drawn from an article by P. Longmuir in The Engineering Magazine for 
September 1902. A form of labour cost analysis often adopted is as follows : — 

Week Ending 16th February. Output op Good Castings, 38^ Tons. 



Items. 


Class of Labour. 

Farnacemen, .... 

Labourers 

Dressers, .... 
Moulders, .... 
Clerks, timekeeper, etc., 
Foundry management, . 

Total. . 


Wages. 


Cost per cwt 


1 
2 
3 
4 
5 
6 


£9 8 8 
25 10 
14 8 8 
73 10 

10 4 

11 17 


£0 2*94 
7-80 
4-49 
1 11-00 
3-17 
8-70 


£144 10 


£0 3 9-10 



Labour cost per ton, £8, 16s. 2d. 
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Prom a foundry manager's point of view this form is defective, as it does 
not indicate the cost of various classes of moulding nor the apportionment of 
the charges due to labourers. The output given is that of a foundry doing no 
machine or plate moulding, but engaged on a general class of work in green 
sand, dry sand and loam, none of which, however, is of an exceptionally heavy 
character. Dividing the work into representative classes and apportioning 
the unskilled labour as employed by each class, we get the huncLredweight 
cost, as in the following table. Owing to inherent difficulties, coremaking could 
not be distributed in this manner, and is, therefore, regarded as a factor of the 
whole output. General labouring No. 6 includes such labour as is not directly 
chargeable to one class of moulding ; of this there is always a fair amount in 
every foundry, and it is essentially labour from which all classes of moulding 
beneiBt, but not necessarily proportionately. 



Item. 


Class of Work. 


Wages. 


Weight 
Produced. 


Cost per Cwt 


Moulders. 


Labourers. 


Tons. 


Cwts. 


Moulding. 


Labouring. 


1 

2 
8 

5 
6 


Loam, 
Dry sand. . 
Green sand, 
Apprentices, 

Totals, . 

Coremakers, 
General labour- 
ing, 

Totals, . 


£7 10 

20 

32 6 

3 10 


£8 12 

4 10 

5 8 
18 


5 

13 
16 

3 


8 

7 

3 

12 


£0 1 4-6 

1 6*0 

1 2 0-0 

' 11-7 


£0 8 
4 
4 
3 


£(53 « 


£14 8 


38 


10 


'£0 1 7-7 

1 


£0 4-6 


£10 4 


£0 18 
9 14 10 


38 

38 


10 
10 


|£0 3-8 

1 


£0 0-3 
3-0 


£73 10 1£25 10 


38 


10 


i£0 1 11-0 £0 7-8 

t 



The value of this analysis lies in the fact that it at once shows any depart- 
ment in which costs are abnormal. The chief disadvantage of the average 
factor shown in the first table is that, by it, the good features of one section 
may be neutralised by the bad features of another section. The good work of 
the profit-making section is thus lost sight of or swallowed by the non-profit 
producers, and, assuming that the profit made by the former be such as when 
distributed over the whole to show fair working, then the backwardness of the 
latter may escape detection for a considerable period. 

Weekly cost factors may be plotted in the form of curves which graphically 
show the progress week by week of each item of labour cost. The success of 
detailed cost analysis and graphic representation lies in the fact that it instantly 
and almost automatically directs the attention of the responsible man to the 
weak places of his department. 

Where the wages books are not made up in the foundry office, or where 
they are not accessible to the foreman or his clerk, then weekly output charts 
may be plotted, which to some extent show the conduct of the department. 
It should be recognised that the capital invested in any foundry demands a 
definite return, and in this case the return may be very conveniently regarded 
as the production of a certain weight of castings each week. The weight 
necessary to yield this return may be arrived at by careful survey of past 
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working for as long a period as possible. A higher output is recognised as 
good working, and a lower one is fixed which represents the amount necessary 
to meet all charges and keep just on the margin of profitable production. 
These three figures once estimated may be regarded as comparative standards, 
and distinguished on the charts as " good working," " caution," and " danger " 
lines. Such charts are easily plotted with ordinates and abscissae of time 
(weeks) and output in tons or cwts. The t^ree standard lines are ruled across 
in red ink, and the proximity of the output line to any of the standards is an 
index of the progress of the foundry. 

Viewing the matter in the light of output only, it is readily apparent that 
a foimdry may be producing castings at a very low labour cost, and yet be work- 
ing at a decided loss. Thus, if the output is constantly below the danger line, 
no matter how low the cost of production may be, the establishment is working 
at a disadvantage in that capital costs are not being met. Taking an 
extreme view, an establishment fitted to produce 50 tons of castings per week, 
and only turning out one ton, will be working at a loss, even if that single ton 
is produced for nothing. Material costs may be detailed out in the manner 
advocated for labour costs, but these are usually worked out by the accounting 
department. The foundry manager or foreman is chiefly concerned with 
his labour costs, and, at regular periods, he should ascertain the exact cost of 
each class of labour in order tlmt the comparisons so obtained shall form a 
guide to future working. 

Having mentioned costs it may be well to state that low production costs 
do not necessarily imply economical castings. The condition of a metal in a 
casting, the method adopted in its production, and its requirement of the 
maximum or minimum of machining are strong factors in determining 
economy. Taking the last factor, that of machining, if a slight increase in 
foundry costs results in a large decrease in finishing costs, such an outlay 
obviously contributes towards economy. The majority of castings form parts 
only of a complete structure, and the work put on each part, after leaving the 
foundry, is often of a costly character. Therefore, a low cost (rf production in 
the foundry should not be at the expense of a high finishing cost in the 
machine shop. This is another example in which trained judgment must be 
exercised, for, in certain cases, although foundry costs may be high, ultimate 
costs may be low and the foundry working on a really economical basis. This 
true economy can only be obtained by a combination of good moulding and 
metallurgical practice, both of which have in their various aspects been fully 
dealt with in preceding sections. However, in conjunction with the foregoing, 
we may specially note an aspect of the question of economy having a more 
direct bearing on brassfoundry practice. Here, owing to the high cost of 
the constituent metals entering the alloys, greater and more stringent super- 
vision is required than in the case of iron or steel. Losses by volatilisation 
have been treated of, and have been shown to have a twofold importance, with 
regard to (a) the properties of the alloys, and (b) the cost of the alloys. As these 
losses are usually confined to zinc, and as this metal is comparatively cheap, 
it is obviously more economical to make good the zinc loss than to allow the 
comparatively costly metal copper to increase by concentration. Other 
metallic losses in the brassfoundry are found in the form of shot metal, spilled 
when casting, or in the ashes of a crucible furnace. The latter are a fairly 
valuable commodity, and may be sold at from 15 to 18 shillings per ton. If 
carefully picked over and washed by hand, the refuse will still sell at from 7 
to 10 shillings per ton. Should the volume of ashes be large, it will pay to 
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put down a grinding and washing plant, thereby recovering the whole, or 
practically the whole, of the metallic value. Sweepings from the dressing 
shop are treated as ashes. 

Losses due to unsteady pouring, filling a gate too full, or careless skimming, 
can be largely avoided by effective supervision during casting. The general 
treatment given to borings and turnings from the machine shop is to pass 
them through a magnetic separator and deposit them all in one bin. When a 
sufficient quantity has accumulated, they are melted dowii, together with the 
metal recovered from the washing plant, and cast into ingots. The ingots 
are generally used for the lowest quality of brass castings, or, at the best, only 
in admixture to give second or third quality alloy. As the intrinsic value of 
borings may vary from 5 pence to 10 pence per lb., this method of indiscrim- 
inate mixing does not take full advantage of the more valuable parts. The 
following system of classification has been proved to be a good one, and was 
advocated by P. Longnmir in The Entjin^ei'iiiy Review for October 1901. 

Let it be assumed that the output is such as to give a return to the 
foundry of 15 cwts. of borings per week, that the value of these is lOd., 8d., 
and 6d. per lb. respectively, and, for convenience, that equal quantities of 
each quality are produced. Under the usual conditions of indiscriminate 
mixing, these borings would, of necessity, take their value from that of the 
cheapest grade present, that is, 6d. per lb., or a total of £42. 

If classified into their respective qualities :-:- 

5cwt8. at lOd. perlb., £23 6 8 

6 „ 8d. , 18 18 4 

6 „ 6d. „ 14 



£56 



or a difference of £14. 

The melting down, in either case, will be the same, and against the £14 
there is the cost of classification, which should not, in any case, exceed £2 ; 
thus leaving a clear gain of £12 on 15 cwts. of liorings. One handy man 
stationed in the machine shop can collect the borings or turnings from each 
machine before a change of work or different quality metal is put on. 
Copper and white metal borings or turnings are in the same manner taken 
away from each machine l)efore changing work. The same man passes the 
borings through a magnetic separator, and delivers them to the foimdry 
storage bins. In the foundry the borings are melted down as occasion serves, 
say in two or three ton lots in the air furnace, zinc losses are made good, and 
the ingots are equal to the original alloy. 

Many white metals used for lining up bearings contain a minimum of 85 
per cent. tin. These turnings, when separated, can be used as a means of 
adding tin to a non-specification alloy, and alloys so made up will l)e found to 
give very fair results. The dross and skimmings from the white metal shop 
may be reduced by charcoal and sodium carl)onate, and will yield as much as 
70 per cent, metal, consisting chiefly of tin with small amounts of copper and 
antimony. If antifriction alloys containing lead are used, more or less lead 
will be present in the recovered metal. The dross is better when worked 
down in fairly large quantities in order to obtain uniform batches, which are 
analysed and subsequently alloyed according to the analysis. 

These examples indicate the opportunities for intelligent and profitable 
application of metallurgical knowledge as connected with alloys. Borings, 
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slags, oxides, ashes, and, at times, even the very sand heaps of a foimdry, offer 
problems that will yield profitable solutions. 

As a final word on foundry management, we would say, that whilst the 
organisation should be as near perfection as possible, it must also be re- 
membered that foundries are intended to produce profitable ciistings, a feature 
which demands certain elasticity. Red tape and mere oflScialism must be 
rigorously avoided ; and, whilst at all times strict discipline must be main- 
tained, that discipline should be tempered with judgment. Sympathetic man- 
agement is the most successful ; sympathy including firmness and justice for 
the men, sympathetic treatment of plant and tools, and a full appreciation of 
the metals handled. 
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**AOID OPEN HEARTH MANIPULATION," 
SOS. 

Acid open hearth process, 299-304. 

refractories, 229-2S1. 

treattuent, 195. 
AdditioDS to top parts of moaMs, 104. 
Admiralty requirements for bells, 821. 

specification for gun-metal, 178, 322. 
Air belt or wind chest on cupola, 247. 
Air furnace, 239-242. 

fuel consumption and regulating draught 
in, 241. 
Allen, Edgar, ft Co., Ltd., 805. 
Alloy, definition of, 817. 
Alloys, 817-828. 
Alternating stress test, 886. 
Aluminium bronzes, 824. 

pro|)erties of, 814, 815. 
American blackheart, 852, 858. 
Amorphous carbon, 264, 352. 
Analysis of cast-iron mixtures after melting, 

252. 
Annealed metal, 26S. 
Annealing carbon, 264. 

of steel castings, 289-295. 

oven, 265. 
Antimony, properties of, 815. 
Antique bronze, 169. 
** Aquafortis," 819. 
Arnold, Prof. J. 0., 210, 221, 244, 287, 289, 

290, 888, 840, 846, 848, 356. 
Arnold & M'William, 291. 
Assay or experimental furnace, 237. 
Automatic ramming machine, 130. 

stove using oil fuel, 151. 

Babbit metals, 825. 

Band saw, 195. 

Barba's law of similitude, 336, 836. 

Barnes, S. E. , on drying stoves, 150. 

Basic open hearth process, 804. 

rerractorieH, 231. 
Bauerman, Prof. H., on the crystallisations 

of antimony and bismuth, 815, 816. 
Beam, heavy lifting, 58. 
Bearing brasses, 322. 
Bedded-in moulds, 160. 
Bench moulding, 122, 128. 
Bending test, 382. 



Bessemer converter, 235. 

Tropenas, 307, 808. 
Bessemer process and its modifications, 236, 

304-809. 
Best Staffordshire iron, 211. 
Binding bar, 184. 
core, 114. 

outside, of loam mould, 160. 
methods of, and tackle, 184, 185. 
Bismuth, properties of, 316. 
Blackheart, 263, 267, 352, 358. 
Blackheart and malleable cast-iron, 263-270. 
Blacking, 27. 
Black metal castings, 268. 
-wash on cores, 71, 119. 
Blast main, 247. 
pressure for cupola, 247. 
for Tropenas process, 307. 
Blear red heat, 179. 
Block casting, 82. 
Blowing cored brass castings, 194. 
Blow-holes, 108, 205, 206, 855. 
Blown casting, 109. 
Bod, 246. 

stick, 260. 
Bone dry mould, 146. 
Boss pattern, 163. 

Bottom-blown Bessemer castings, 856. 
Bottom plates, 155, 166. 
pouring, 800. 
ladle, 40. 

with side gates, 203. 
Box burn, 180, 181. 
BOXES- 

Box with enlarged end, 47. 
Column box, 46. 
Flanged box, 46. 
Floor moulding boxes, 44. 
Heavy type of box, 46. 
Hineed box, 47. 
Moulding box pins, 43. 

boxes, 42, 123. 
Nest of boxes, 48. 
Register front box, 48. 
Snap flask, 50, 123. 
Special box, 49. 
Brass castings, 171, 198, 199. 
Brasses, 817, 818. 
white, 320. 
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BrmsiDg metal, 818. 

Bieaking pig-iron, 837. 

" Breaking striiin." ». 

Breast plate of capola, 260. 

BrineD on soundness of steel, 803. 

Brittle steels, 867. 

Bronzes, 819, 820. 828, 824. 

Brunton, J. D., Winder* A. B., and, 289. 

Babbling, 204, 205. 

Buchanan on oupola management, 261 

Buckle, 204. 

Building plate and rings. 62. 

Bargees on pyrometry, 271. 

Bamed, 179. 

Burning, 179-182. 

Bams, 181. 

Bamt day, 228, 282. 

Calculation of mixtures for oast-iron, 

251-269. 
Calibration of |)yrometer, 275, 276. 
Calorific intensity, 15. 

power, 16, 16. 
Campbell, H. H., book on steel, 2J5. 
Capillarity, 11. 

Carbides of iron, 8, 216, 218, 268. 
Carbon, amorphoos, 264, 852. 

annealinff, 264. 

combinea, 218. 

fixed, 248. 

graphitic, 218. 

influenoe of, on iron and steel, 287, 288, 
846. 
** Carbon-iron eutectic," 847. 
Oarnforth hematite, 216. 
Carpenter and Longmoir on melting pare 

iron, 866. 
Carrying tongs, 38. 
Cast core irons with dabbers, 78. ' 

plates for plate moulding, 126-129. 
Casting breaker, 198. 

conoutions necessary for success in, 861. 

on the bank, 201. 

temperatures, 861-368. 
Castings of unequal section, 170, 171, 206- 
208. 

application of chills for, 170, 171, 208. 
Cast-iron, 211-227. 

castings, 268. 

chills, 169-176. 

grey, mottled, and white, 214-217, 848, 
849. 

mixtures, influence of remelting on grey, 
252 ; on white, 264. 

mixing by analysis, 251-259. 
Cementite, 215, 348. 
Centres of contraction, 170. 
Chain aling, 57. 
Change hook, 69. 
Chapkts, 111, 112, 113, 177, 206. 
Charge of yellow brass, 241. 
Charging, hot or cold, 242. 
Charp^ and Orenet's conclusions, 268, 269. 
Chemistry, 8. 



Chill moulds, 78, 160, 176. 

tread, 178. 
Chilled rolls, 172-176. 
Chilling, 169, 172. 

irons, 172. 
Chills, 169, 172, 176, 176, 190. 

application o( for castings of unequal 
section, 170, 171, 208. 
Chocking, chocks, 86, 90. 
Choice of moulding machine, 148. 
Choked yent, 109. 
Choosing a pyrometer, 286. 
Chrome iron ore, ohromite, 228, 238. 
Circular saws, 196. 
Claw hooks, 67. 
Clay, plastic properties of, 281, 282. 

crucibles, 238. 

wash, 86. 

-washed core joint, 100. 

water, 23. 
Clean skimming, 202. 
Cleaner, 104. 
Clinch-Jones patent heat treatment muffle, 

266, 266, 290. 
Coarse graphite, 851. 
Coating compositions, 171. 
Coke bed, 102, 103, 116. 

bricks, 283. 

for crucible meltinff, 288 
Cold shots and cold shuts, 202. 
Collapsible core barrels, 192. 
CoUiau cupola design, 247- 
Colour test, 300. 
Combined carbon, 218. 
Commercial copper castings, 368. 
Composite castings, 176. 
Composition of brass liner, 178. 
Compounds, 6, 7. 

Compression or crushing test, 831. 
Conserration of energy, 9. 
Contractions, 187. 

cracks, 192. 

stresses, 178, 174, 208. 
Conyersion of energy, 14. 
Cope, 42. 

for dynamite pan, 160. 

ring, 156. 
Copper and oxygen, 867-859. 

properties of, 811. 

•tin alloys, 319-325, 342-844. 

•zinc alloys, 317-325. 
Core barrel, strickle and trestles, 77. 

barrels, 76, 77. 
collapsible, 192. 

boxes, 68-70. 

drying stoyes, 77, 78. 

grating, 166. 

&ons, 71, 72, 78, 199. 
cast with dabbers, 78. 

print, 92, 98. 

size, 116. 
Cores, 25, 26, 66, 67-78, 87, 91, 95, 101, 
106-110, 112, 114, 116-121, 191. 

mechanical method of making, 136. 
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Cores, ramming, join tiDg, setting, 144. 

Cottars, 188. 

Cottercd. 86. 85, 87. 

Counterbalancing the strickle, 163. 

Coupling rings, 184. 

Covering core, 116. 

Cowper's water pyrometer, 272. 

Cramps, cramping, cramped, 85, 36, 85, 87, 

183. 
Crane ladle, 39. 

weight, 35. 
CRANES— 

Hand traveDing, 52, 58. 

Hydraulic jib, 55, 56. 

Jib, 58. 

Oyerhend trarelling, 54. 
Crucible furnaces, 235-239. 

process, 295-299. 
Crucibles for steel melting, 298. 
Crushing and tensile test pieces, 331, 888. 
Crystalline formation, 263. 

fracture, 887. 
Crystallisation, 207. 

example of, 354. 
Crystals of pure iron, 346. 
Cupola, 235, 246-250, 259-262. 
Cupro-manganese, 820. 
Curbing, chill roll mould in, 174. 

Dabbbrb, 73. 

Darling k Sellers' moulding machine, 138, 

189. 
D'Arsonval deadbeat galvanometer, 278. 
Dead mild steels, 212. 
Deep green sand moulds, 203. 
Dezinci6ed, 241. 
Die mould, 173. 
Dinas stone of Wales, 230. 
Dipping in acids, 195. 

metal, 195. 
Direct metal, 235. 
Dirty castings, 202. 
Distorted or cracked casting, 1 92 
Divided sheave pattern, 99. 
Doherty tuyeres, 247. 
Double turnover or tumbling core, 100. 
Dowels, 89. 
** Draw in," 204. 
Drawback plate, 96, 97, 98. 
Drawbacks, 59, 95, 96, 97, 99, 121, 158, 

166. 
Drawn holes, 355. 
Draws, 189, 207. 
Dressed castings, 198. 
Dressing, 194, 195. 
Drop bottom ou [tolas, 260. 

test, 329, 382. 
Dry cores, 107. 

sand moulding, 145, 147. 
Drying, faults due to insuflScient, 204. 

stoves, 148-153. 
Ductility, 334. 
Dutf gas producer, 243, 244. 
Dynamics, 8. 



Efficient drying, 204. 

Elastic limit, 234. 

Elbow core box, 69. 

Elements, 4-6. 

" Elimination of silicon in the acid open 

hearth," 301. 
Elongation, 334, 385. 
Energy, 9, 14. 
Eutectic, 342, 347. 

*• carbon-iron,'* 847. 

phosphide of iron, 352. 
Eutectoid, 348. 
Explosion, cause of, when molten metal 

touches water, 14. 
Extended prints, 98. 

Facing sands, 19, 22-25, 82. 
Facings, 20-27. 
Palse cores and drawbacks, 95. 
Farwell moulding machine, 141. 

press, 137. 
Faults due to mould and pattern "200-209. 

due to the metal, 858-858. 
Feeding head, 173, 174, 189. 

rod, 174. 189, 190. 
Ferrite, 292, 846. 
Ferro-manganese, 320. 
Fettling door, 260. 
Fibrous fracture, 337. 
Filleting, 206. 
Filling-m pieces, 106. 
Fin, 104. 

Fine graphite, 850. 
Fire basket, 37, 68, 64, 148. 

bricks, 232, 238. 

grate, 171. 
Fitting strips, 70. 
Fixed carbon, 248. 
Flange and body, 206. 

burn, 181. 
Flanged box, 46. 
Flare, 358. 
Flask, 85, 50 
Flat patterns, 123. 

plate, 60. 
Flow oti; 180, 181. 
Fluidity, 20. 

range of, 189. 
Fluted column, 94. 
Fluxes, 327. 

Ford's, E. L., American washed metal, 215. 
Founding, art of, 1. 
Foundry costs, 371. 

losses, 374. 

stores, 370. 

tools, 28-41. 
Fracture under pressure, 207. 
Fractures of pig-irons, 222-225. 
Free iron trapjied in alloy, 827. 
Friction, 9. 
Fuel ratio, 260, 261. 
Fuels and furnaces, 235-250. 
Full patterns, 164. 
Fusing, 18. 
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Gable seats, 164. 

Canister of the Sheffield district, 280. 

Gas crucible holes, 246. 

Gate cutter, 195. 

peg, 100. 
Gates or runners, 83. 
Gating, methods of. 178, 179, 203. 
Gear- moulding machines, 134. 
German silver, 824. 
Glenboig bricks, 282. 
Gong metal, 821. 

Gorman's method for chill rolls, 175. 
Grading by fracture, 221. 
Granular pearlite, 847. 
Graphite, fine, 350. 

medium and coarse, 851. 
Graphitic carbon, 218. 
Green cores, 69. 

mould, 178. 

sand moulding, 84-1 06, 145. 
Greiner and Erpf cupola, 247, 250. 
Grey cast-iron, 215, 216, 222, 224, 349-351, 

857. 
Guides, 158. 
Gun-metal boss and manganese-bronzeblades, 

166. 
Gun- metals, 820. 

Hadfield, R. a., on niokel and iron, 220, 

814. 
Half pipe mould, 85. 
Hand-moulding machines, 186, 144. 

-rammed pattern-drawing machines, 144. 
Handle cores, 65. 

Harbord, F. W., book on steel, 285, 245. 
Hard spots, 205. 
Hardenite, 846, 848. 
Hardness of cementite, 215. 

of flint, 215. 

of graphite, 215. 

of hardenite, 846. 

of pure iron, 210. 

of quartz, 215. 
Harker, Dr. J. H., on melting point of 

nickel, 814. 
Harrison, J. H., on Uehling pyrometer, 284. 
Hatfield, W. H., 188, 268, 268, 269, 301, 

803, 368. 
Heat, 11. 

latent, 13. 

quantity of, 12. 
Hematite pig irons, 216, 217, 224, 225, 

227. 
Herbertz cupola, 250. 

Heyn and E^uer on copper and oxygen, 357. 
High temperature measurement, 271-286. | 

by Le Chatelier and Boudouard, 271. \ 

Horse and spindle, 162. 
Hot metal and quick pouring, 201 . j 

Hydraulic castings, 206. « 

hoists, 247. . 

moulding machine, 142. | 

pressure, 207. 
Hydrofluoric acid, 195. 



Hydrostatics, 9. 
Hygroscopic water, 146. 

"Influence of carbon on iron" 
(Arnold), 346. 

of carbon on steel in castings, 287. 288. 

of chemical com|)Osition on soundness of 
steel, 308. 

of oxygen on castings, 355. 

of re- melting on grey cast-iron, 252. 
on white, 264. 

of varying casting temperatures, 268. 
Ingot iron, 212. 
Ingot mould, 175. 

cast-iron for, 220, 221. 
Intercrystalline porosity, 207. 
Internal chills in cylinder, 171. 

stresses, 268. 

water pressure, 207. 
Iron, free, trapped in alloy, 327. 
Iron, Profe. Hioks and O'Shea's pure electro- 
lytic, 210. 
** Iron to iron," 184. 
Invar, 28. 

Jefferson, Arnold and, 840. 

Joint flanges, 45. 

Jointing, 144. 

Jones', W., pige core making machine, 188. 

Keep, W. J., 187. 

Kent-Smith on vanadium, 221. 

Kick, 108. 

Kinetics, 8. 

Kirchhoff^. 283. 

Kirk on the cupola furnace, 247. 

Kirkaldy on strength of oast copper, 812. 

Ladle, 40, 800. 
Laminated pearlite, 846. 
Lange, E F., 301. 
Laurie on ZuqCu, 844. 
Leading off the vent, 108. 
Lead in brass, 318. 

properties of, 313, 814. 
Lead-antimony alloys, 325, 826. 
Le Chatelier, pyrometry, 271, 278. 
Ledebur, Prof., 301. 
Lifters, 86, 89. 
Lifting eyes, 177. 

snugs, 42. 
Light, 16. 
Liner pattern, 179. 
Lining a propeller shaft, 179. 
Linings, cupola, 247. 
Loam, 19, 24, 76. 

bricks, 156, 178. 

moulding, 154-168. 
Long cores, chaplet^ for, 110. 
Longmuir, P., 263, 267, 268, 861, 862, 371, 

874. 
'* Lorn " English charcoal cold blast pig, 217. 
Losses, metallic, 241, 304, 305, 809, 360. 
Lost wax process, 121. 
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Maohinr mouldimo, 180-144. 

as an aid to output, 186. 
Mackenzie tuyere, 247. 
M°William, Prof. A., 220, 261, 291, 801, 308. 
Malleable cast-iron, 213, 268-270, 852, 858. 

or wTought-iron, 218. 
MalleabUity, 212. 
Manganese bronze, 190, 819, 820. 
Manganese in cast-iron, 219, 252. 

ore in cupola charges, 252. 

sulphide, 7, 852. 
Martens, 888. 
Martin, 299. 

Matter, general properties of, 4. 
Matthewson's continuous sand blast tumb- 
ling barrel, 196, 197. 

patent sand blast tumbling barrel, 196. 
Maximum stress, 819, 884 
Mechanical method of making cores, 135. 

moulder, 148. 

tests, 829-836. 
Melting point of pure silica, 230. 

of pure silicate of alumina, 232. * 
Melting points of metals, 13, 816. 

of Seger cones, 279. 
Mercury, properties of, 816. 
Metallic mould, 169, 174. 
Metallography, 887-854. 
Metalloids. 6. 
Metals, 6, 7. 

are crystalline, 388. 

commercially pure in the form of castings, 
826. 

physical constants of, 316. 

properties of, 310-816. 
Method of binding, 184, 185. 

of binding core, 114. 

offeeding, 178, 174, 189-190. 

of gating for liner, J.78, 179. 

of making alloys, 327. 

of measuring casting temfieraturtss, 363. 
Method of combustion and regulation in 
drying stoves, 148-150. 

of drying moulds, 148. 

of moulding, 98, 94, 120. 
Micrographic analysis, 837-854. 
Microstructures of metals and alloys, 290- 

297, 387-854. 
Mid parts, 48. 
Misrun castings, 201, 868. 
Mixing by antdysis, 218, 251-262. 
Moldenke,Dr. k,221, 357. 
Molecular ^wrosity, 207. 
Mottled pig-iron, 215, 216, 223, 225. 
Mould, construction of, 18. 

for block, 82. 

for box, 65. 

for building }>1ate, 62. 

for Hre basket, 68. 

for flat plate, 61, 80. 

for pan, 159. 

for pattern plate, 127. 

for range, 90. 

joints, 88, 89. 



Moulding, 17, 115, 122-128. 
bench, 122. 
box pins, 43. 
in three-part boxes, 98. 
MOULDING MACHINES, 180-144. 
Darling & Sellers', 188, 189. 
Farwell, 141. 
Hand, 136, 144. 

Hand -rammed pattern -drawing, 144. 
H^^draulic, 142. 
Pridmore, 140. 
Sand, 17-21, 229. 
Tabor pneumatic, 148. 
Tub, 122. 
Moulds, open sand, 60-66. 

additions to top parts, 104. 
Muntz metal, 818. 

Natural soikncb, 4. 
Nest of boxes, 48. 
Neutral refractories, 281. 
Nickel castings, 814, 859. 
Nickel in cast-iron, 220. 

properties of, 814. 

steel casting, 289. 
Nicol, Prof. Wm., 837. 

Oddsidb, 86, 124. 
Oil fuel for drying stoves, 150. 
" On the boil," 800. 
One-pot hole, 287-289. 
Open burns, 181. 

sand moulding, 60-66. 
Operating the cupola, 259-262. 
Optical pyrometers, 280-284. 
Ordinary brasses, 317, 818. 
Ormolu, 818. 
Osmond, M. F., 338. 
Outside binding of loam mould, 160. 
Overpoled copper, 858. 
Oxygen, oxide, 6. 

in cast-iron, 221, 857. 

influence of, on metals, 288, 855-861. 

Pan with cork largest at centre, 161, 

162. 
Parting sand, 19, 120. 
Pattern plates, 127, 188. 
Paul, R. W., galvanometer, 278. 
Pearlite, 293. 

giunular, 347. 

laminated, 846. 
Pegging rammer, 80, 81, 86. 
Percy, Dr. J., on aluminium bronze, 824. 

on electrolytic copper, 358. 
Phillips' core making machine, 181, 182. 
Phosphide of iron eutectic, 220, 342, 352. 
Phosphor bronze, 190, 823, 824, 361. 
Phosphorus in cast-iron, 220. 
Physical constants of metals, 816. 
Pig-iron, 211, 214-218, 221-227. 

grey, mottled, and white, 216. 
Pig irons, typical analyses of, 216, 217, 226, 
227. 
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Pigging back, 308. 

Pin snugs, 42. 

Pipe, methods of moulding, 84-88. 

moulds, painting of, 147. 
Pit ramming, 188. 
Plain moulds, painting of, 147. 
Planes of weakness, 207. 
Plastic property of clay, 281-232. 
Plate for rake head, 128. 
monldine, 124-129. 

])0ssibilities of, 129. 
with patterns, 126. 
** Platform " method of calculation, 261. 
Plumbago, 27, 288, 234. 
facing for moulds, 288. 
Plump gates, 208. 

Pneumatic moulding machine. Tabor, 148. 
Pneumatics, 11. 
Pocket drawback, 99. 
Porosity, 178, 206, 207. 
Portable mould drying stoye, 162. 
Possibilities of plate moulding, 129. 
Potential chemical enercy, 14. 
Power moulding machines, 181, 186, 141, 

144. 
Preparation of a mould, 79, 178. 
Pressure gauge for cupola, 10. 
Pricker bar, 246. 
Pridmore single hand moulding machine, 

140. 
Printing, 80. 
Producer gas, 248. 
Propeller moulding, 168-166. 
Pull, 192. 
Pure iron, 866. 
PyROMETERS— 

Bailey, 272. 

Baird and Tatlock, 278. 

Callendar and Griffiths* electric 
resistance, 278. 

F^ radiation, 284. 

Le Ghatelier, 273. 

Mesur^ k Nouel, 280-282. 

Murrie, 272. 

Optical, 280-284. 

Paul, R. W., 278. 

Roberts-Austen, 278. 

Soger cones, 278. 

Sentinel, 279. 

Uehling and Steinbart, 284. 

Wanner optical, 280-283. 

Water (Siemens), 272, 278. 

Wedgwood, 272. 

Wiborgh, 279. 

qualitt of product, 288, 240. 

Rabbling, 800. 

Rake head, 127. 

Ramming, 61, 68, 81, 82, 97, 118, 204. 

Rapping, 86. 

Reactions in the acid Siemens, 300. 

Reaumur malleable cast-iron, 264. 

Red moulding sands, 19-21, 229. 



Refractory materials, 228-284. 

Releasing, relieving, 191. 

Rennie, Dugnld, & Sons* experiments, 262, 

866. 
Results from commercially pure metals, 864, 

866. 
Return pipes, 177. 
Returning, 80. 

Reosh and Wuest*s results, 262. 
Reverberatory or air furnace, 236, 289-242. 
Reverse moulding, 120. 
Risers, 88, 118, 202, 204. 
Robert converter, 286, 806. 
Ro8se*8 alloy, 321. 
Run up, 83. 
Runner, 60. 107, 202. 

pegs, 118. 
Run outs, 200, 201. 
Rust or scale, 206. 
Rusty ohaplets, 112. 

Saddle bar, 164. 
Sand blast, 196. 
core, 100. 
projection, 118. 
SiSfiS— 

Mansfield, Staffordshire, Erith, or 

rock, 20, 146. 
Black or floor sand, 19. 
Core sand, 19, 26. 
Dry sand, 18, 19. 
&cing for brass, 24. 
facings for iron, 28. 
facings for steel, 26. 
Facing sands, 22-27. 
Green facing sand for brass, 24. 
Green sand, 18. 
facings for grey iron, 22. 
facings for steel, 24. 
Moulding sand, types of, 19. 

sands, 17-21. 
Parting sand, 19. 
Sankey, Capt. R. E , on vanadium, 221. 
Saturated steel, 348. 
Scab, 204. 
Scotch pig, 217. 

splint coal, 288. 
Screw and staple hook, 177. 
Selecting pig irons for cast-iron castings, 

221-226. 
Sensitive tint, 280. 
Sharp pouring, 206. 
Sheave, 99. 
carriage, 61. 
lifting beam and, 67. 
mould, 101. 
Sheddon*s portable mould drier, 161. 
Sheet brass burning, 1 80. 
Short cores, 110. 

pours, 201. 
Shrinkage, 187, 190. 
Side and end cores for lathe bed, 116. 
Siemens, Siemens-Martin, 299. 
regenerative furnace, 236, 242-246. 
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Siemens, special charge No. 1, 801, 302. 
Silica bricks, 281, 232. 
Silica most abundant constitnent, 280. 
Silicon in east-iron, 218, 219. 

standards (table), 219. 
Silver, properties of, 815. 
Simonson, Arthur, 805. 
Skeleton or frame patterns, 115, 166, 167. 
Skimming gate, 208. 
Skin-drying, 146. 
Slag holes in cupolas, 260. 
Snuffs, 42, 104. 
Solid circular castings, gating in, 208. 

pipe pattern, 86. 

propellers, 163. 

sling, 57. 
Sorbjr, Dr. H. C, 837, 838, 349. 
Special alloys, 190. 

brasses, 818. 

bronzes, 190. 
Specialised plate moulding, 1 29. 
Specification for steel castings, 287. 

for gun metal, 862. 
Speculum metal, 321. 
Spelter, 14. 
Spindle, 161, 162. 

and socket, 117, 118. 
Spoon gate cutter, 80. 
Spout or lander, 300. 
Sprigs, 36, 84, 85. 
Sprigging, 208. 
Sprues, 201, 203. 
Spur wheel cores in position, 119. 
Squeezers, 136. 

Staffordshire All Mine pig, 217. 
Staked, 88. 
Statics, 8. 

Stead, J. E., F.R.S., 220, 338, 842, 360. 
Stead's *'iron and phosphorus,*' 350. 
Steam and water tests, 329. 
Steel, definition of, 211, 218. 

manufacture of, 287-309. 

structure of, 290-297, 346-848. 
Steel-making hematite irons, 216, 217, 

227. 
Stewart's rapid cupola, 247, 248, 250. 
Stoppers and nozzles, 282. 
Stopping-off or extending patterns, 104-106. 
Strain, 9. 
Stress, 9. 

internal, 268. 

maximum, 819, 834. 

tensile, 832. 
Strickle, 77, 118. 
Strickling, 74, 85. 

board, 75. 
Stripping-plate machines, 144. 

plates, 138. 
Structures of several steel castings, 290-297. 

of various metals and alloys, 387-354. 
Studs or chaplets, 112. 
Success in casting, conditions necessary for, 

361. 
Sullage, 174. 



Sulpho-films, 292-297. 

balled up, 294. 
Sulphur, 5-7. 

in cast-iron, 219. 
Supersatumted steel, 347. 
Surfoce-blown Bessemer (Tropenas) process, 

356. 
Surfusion, 1 4. 

Swan neck and stopper, 300. 
Swedish wrought-iron, 210, 212. 
Sweeping, 74, 118, 119. 

bottom plate, cope and core, 155, 156. 

dynamite pan, 159. 
System of charging cupola, 261. 

Table machine, 134, 135. 
Table of refractories, 234. 
Tabor pneumatic moulding machine, 148. 
Tait, Prof., 273. 

Talbot on basic continuous process, 304. 
Tapering pans, 160. 
Tapping, 300. 
Temperature, 12. 
measurement of. See High Temperature 

Measurement and Pyrometers. 
curve of annealing oven, 267. 
Template, 105. 
Teiiule test, 332. 

piece before and after fracture, 385. 
TERMS, FOUNDRY— 

Bedded, 85. 
in, 87, 102. 

Blacking, 27. 

Black-washed, 76. 

Burning, 18. 

Carded down, 76. 

Char, 69. 

Clag, 68, 88. 

Close, 19. 

Cope 42. 

Drag, 42. 

Fed up, 83. 

Feeder, 81. 

Fusing, 19. 

Kick, 108. 

Lit, 83. 

Open, 19. 

0{)eners, 26. 

Papered, 97. 

Peels, 27. 

Pull, 192. 

Seamed, 82. 

Sleeked, 80. 

Sprigged, 84. 

Strong, 19. 

Turning, 84. 

Weak, 19. 
Testing, mechanical, 329-386. 
Tests on special steel castings, 289. 
Thermo-couple twists, 275. 
Thermo-couples, 273, 274. 
Thickness strickle, 158. 

strips, 167. 
Thwaite open hearth furnace, 245. 
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Tilghmann's Patent Sand Blast Co., 197. 
Tin, properties of, 318. 
Titanium in cast-iron, 221. 
TOOLS, FOUNDRY - 

Battle Creek sand screen, 88. 

Bottom pouring ladle, 40. 

Carrying tongs, 38. 

Chocks, 86. 

Cramps, 86, 86. 

Crane ladle, 39. 
weight, 35. 

Fire basket, 87. 

Flat rammers, 81. 
weight, 85. 

Gaggers, 36. 

Geared ladle, 89. 

Hand shank, 88. 

Lifters, 87. 

Mould screws, 36. 
' Moulder's sleekers, 80. 

Pegging rammers, 81. 

Rammers, 31. 

Rotary sand sifter, 33. 

Sand mill, 82. 
mizer, 84. 

Shank with sling, 38. 

Snap flask weight, 35. 

Spngs, 36. 

Trestles, 87, 77. 
Top pourinc, 208. 
Tough pitch copper, 358. 
Transverse test and testing machine, 880. 
Treating the shaft for lining, 178. 
Trestles, 87. 
Triple alloys, 195. 
Trolly track, overhead, 62. 
Tropenas, 235, 305. 

process and plant, 805-309. 
Trunnions, 165. 
Tumbling, tumbling barrels, 194, 196, 197. 

core or double turnover, 100. 
Turner, Prof. T., 187, 285. 
Tuyeres, 247. 

Twisted or shifted castings. 202. 
Two-joint casting in two-part box, 101. 
Types of moulding sand, 19. 



Unequal contraction, 170. 

shrinkage, 206. 
Underpoled copper, 358. 

Valve body, 88. 

core, 71, 72. 

seat, 71. 
Vanadium, 221. 
Vent in cores, 109. 

pipes, 102. 

wire, 81. 
Venting, 204. 

Wadswokth cork-makino machine, 138. 

'* Waist " in test piece, 384. 

Warped castings, 192. 

Warping, 187. 

Waster casting, 200, 355. 

Water brush, 65, 207, 208. 

cooling, 208. 

and steam test, 207. 

•tight rattler, 196. 
Wedge gate, 88. 
Weights, 188. 

West Coast hematite irons, 217. 
West's centre blast cupola, 250. 

moulder's text-book, 261. 
Wet spot, 205. 
Whistler, 83, 204. 
•♦White "brasses, 820. 
White cast-iron, 848. 

or antifrii^tion metals, 825. 

pig-iron, 215. 
Whiting cupola, 247, 249. 
Widmannstatten figures, 292. 
Winder, A.B., and Brunton, J.D., 289. 
Wilson, T. , water pyrometer, 272. 
Woodward cupola, 250. 
Wroughtiron, 211, 212. 

YlKLDINO cores AND MOULDS, 192. 

Yorkshire pig-iron, 217. 

Zinc, alloys of, 817-328 

Zinc, loss of, in melting, 312, 327. 

Zinc, properties of, 312, 318. 



OF THE 

UNIVERSITY 

OF 

^£4LIF0RH^ 



PUMTID BT MULL AMD 00., LTD , BDINBUROH. 




Jxk-.= 



CHARLES GRIFFIN & COMPANY, 

LIMITED. 





i 



A SELECTION FROM 
CHARLES GRIFFIN & CO.'S PUBLICATIONS. 



SCIENTIFIC AND TECHNICAL WORKS. 





^Jih 



iQZO 



MESSRS. CHARLES GRTFFIN ^ COMPANY'S 
PUBLICATIONS may be obtftined through any 
Bookweller in the United Kingdom, or will bt^ ^nt 
ou receipt of a remittance to cover publiehed prit;L^ 
and postage. To prevent delay, Ordera should l>e 
ttccoinpanied by a Cheque or Posta! Order orossed 
** Union of Londox axu smith's Bank, Chancery* 
Lane Branch." 



=^% 



Teteptione— 
1634 City 




fixplanatus, 



LONDON; 
EXETER STREET, STRAND 



fVLT <U. ^'t. 




i6 OUARLieS ORIFFIN A 0O.*S PUBLICATIONS. 



Second Edition, Reyised. In Lftrge Svo. Handsome Oioth, Oilt. 

With 37 Folding PlatM and nearly 500 Ulnstrationa in 

the Text. 30t. net 

The Principles and Practice of 

DOGE ENGINEERING. 

By BRYSSON OXJNNINGHAM. 

GENERAL CONTENTS 

Historical and Disoorsiye. — Dock Design.— Constrnotiye Appliances.— 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks.— 
Jetties, Wharyes, and Piers.— Dock Qates and CaissoDs. — Transit Sheda 
and Warehouses. — Dock Bridges. — Graying and Refxairing Docks.*— 
Working Equipment of Docks.— Indkx. 

" We hsTe never seen a more profnaely-illastrftted treatise. It is a most importsai 
BMuidard work, and should be In the hands of all dock and harbour engineers."— £(MoifJU|k. 
** Will be ox the greatest service to the expert as a book of reference."— Av**Mir. 



In Large Svo. Pp. 1 - xii 4- 283. With 18 Plates, 11 Tables, and 220 
Illustrations in the Text. Ids. net. 

A COMPANION VOLUME TO "DOCK ENGINEERING." 

THE PBINCIPLES AND PRACTICE OF 

HARBOUR ENGINEERING. 

By BRYSSON CUNNINGHAM. 

CoNTEBTTS. — Introductory. — Harbour Desijgn. — Surveying, Marine and 
Submarine. — Piling.— Stone, Natural and Artiticial. —Breakwater Design.— 
Breakwater Construction. — Pierheads, Quays, and Landing Stages. — 
Entrance Channels. — Channel Demarcation.— Index. 

" The best and most complete book we have seen on the subject."- 5teanuJUp. 

" This is a standard work . . . sure to prove a valuable book of reference."— 
Shipping World, 



In Crown Svo. Handsome Cloth. Fully Illustrated. 

HYDROGRAPHIC SURVEYING, 

For the Use of Beginners, Amateurs, and Port and 
Harbour Masters. 

By commander S. MESSUM, R.N., 

Instmotor in Nautical Surveying, B.N. College, Greenwich. 

CONTBHTS.— Sextant.— Protractor. — Station Pointer. —Theodolite. — Projectioiis.- 
Symbols and Abbreviations.— PlottUig and Triangulation of a Small Plan.— Mast-head 
Angle Survey.— Meridian Dl8tanoes.—APPBNDnL— Index. 

LONDON : CHARLES ORIFFIN A CO.. UNITED. EXETER STREET. STRANa 



ICNOINJOJCRINQ AND MWOHANWS. 17 

Third Edition, Thoroughly Revised omd Enlarged. Pp. i-xvi+227. 
IVith 60 Plates and 71 other Illustrations. Handsome Cloth. 25*. net, 

HYDRAULIC POWER 

AMD 

HYDRAULIC MACHINERY. 

By henry ROBINSON, M.Inst.C.E., F.G.S., 

rBLLOW OF KXNO't COLLBOB, LONDON : PftOr. BMBKITUS OW CIVU. BNGINBBltlNG, 
KIMO'S COLLBOB, BTC, BTC 

CoNTBNTS —Discharge throue;fa Orifices. — Flow of Water through I^pes* — Accumulmton. 
^Presses and Lifts. — Hoists. — Rams.— Hydraulic Engines. — Pumping Engines.— Capstans. 
— Traversers. —Jacks. — Weishinc Machines. — Riveters and ahop TmIs. -^ Punchmg. 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines.— Drills ana 
Cutters. — Pile Drivers, Excavators, &c.— Hydraulic Machinery applied to Bridges^ Dodc 
Gates, Wheels and Turbines.— Shields. -^ Various Systems ana Power Installations — 
Meters, &c— Indbx. 

"The standard work on the application of water power.'*— Ourarr^x Mmgannt. 



Second Edition, OreaUy Enlarged. Pp. i-xiv + 3d6. With FronHapieee, 
12 Plates, and 279 otfier lUuUrations. 21a. net. 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal lUnBtrationi of Enoikbs and Pumps applied to Mnmio, 

Town Watib Supply, D&aikaob of Lands, ke,^ alio Economy 

and Efficiency Trials of Pamping Machinery. 

By henry DAVEY, 

Member of the Institation of OiTil Sncineers^Jf ember of the ImtttatfOB of 
Meobaaloal Sngtneers, T.Q.B., Ao. 



Oonthits —Early History of Pammnjz En^es— Steam Pnmping Engines - 
PiUDps and Pump Valves — General Principles of Non-Rotatiye Punping 
Engines— The Cornish Engine, Simple and Compound— Types of Mining 
Enginee— Pit Work— Shaft Sinking— Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power— Valve Clears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works Engines — Pumping 
Engine Economy and Trials of Pumping Machinery- Oentnfugal and other 
Low-Lift Pumps — Hjrdraulic Rams. Pumping Mains, ko, — Lfj»x. 

"^By the *oiie Bngllsh Sncineer who probably knows more aboat Pamping Haohlnery 
than AST ORBB.* ... A toujmb KBOomDnio thb ebsults of lovo KxnanvcB avd 



In Large Crottn 8vo. Handsome Cloth. PuUy lUmtrated. 6i. net 

SEA WATER DISTILLATION, 

Bt frank NORMANDY, of the Middle Temple, Banister-at-Law. 

C0HTENT8.— Distilling Machinery.— Sea Water.— Steam.— Multiple Distillation.— The 
Evaporator.— The DisuUIing Condenser.— Pomplog Machinery.— Useful Memoranda:— 
The Filter, Prevention of Corrosion and Decay of Metals, Bemoval of Scale, Cleaning, 
■Overhauling, dkc— Index. 

'* The analytical treatment of the problem is concise and comprehensive in its soope." 
—Marine Engineer. 

LONDON : CHARLES fiRIFFIN « CO.. LIMITED. EXETER &nm 8TR4ND. 



i8 0HARLE8 QRIFFIN df CfO.'S PUBLICATIONS. 

SixTSBNTH Edition, Thoroughly Bevised, Large 8vo, Cloth. 

pp. i-xxiv+712. With 260 lUustraiions, reduced from 

Working Drawmga, cmd 8 PkUee. 2U. net. 

A MANUAL OF 

MARINE ENGINEERING: 

OOMPRISmO THE DESIGNINO, OONSTRUCTION, AND 
WORKING OF MARINE MAOHINERT. 

By A.E. SEATON, M.LG.E., M.LMeelLB.. M.I.N.A. 

General Contents. — Pabt I. — Prinoiples of Marine Propnliioii. 
Fabt II. — Principles of Steam Enffineenng. Part IIL— Details of 
Marine Engines : Design and Calcalatlons for Cylinders, Pistons, Valves, 
Expansion Valyes, &o. Part IV.-- Propellers. Part V.— Boilers. 
Part VI.— -Misoellaneoos. 

"The Student, Drsufhtmian, and KD^neer will find this work the nose taluablk 
Handbook d Releraioe on the Marine Engine now in exittenoe."— JTorlM Emginmr. 



Tenth Edition, Thoroughly Revised. Pooket-Sise, Leather. 8s. 6d. 
A POOKBTBOOE OF 

MARINE ENGINEERING RULES AND TABLES, 

TOR THE USB OF 

Marine Bngineera. Naval Arehiteets, Designera, Draiiirbt8men« 
Saperintendents and Others. 

By A. R BEATON, M.I.O.E., M.I.Mech.R, M.I.N.A.. 

AND 

a M. ROUNTHWAITB, M.I.Meoh.E., M.I.N.A. 

'* The best book of its kind, and the infonnatioD is both up-to-date and reliable.' — 
Bnginter 



In Large 8yo. Handsome Cloth. With Frontispiece, 6 Plates, 
66 other Illustrations, and 60 Tables. 12s. 6d. net. 

And other Competing Instruments for Marine Propulsion. 

By a. E. SEATON, M.Inst.C.R, M.LMboh.E., M.LN.A. 

** Contains all that is useful to know about the screw propeller. . . . Thoroughly 
np-to-date. "-^Steamthip, 



In Large Crown 8vo. fiUmdsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 

Bt LIONEL M. HOBBS, 

Bnglneer-LIeutenant. B.N.; Instructor in Applied Mechanics and Marine Engine 
Deslirn at the Bcyal Na^al OoUege, Greenwich. 

**Senre8 its purpose sdmlrahly . . . should prore of invslnsble service . . . well 
fip4o-da,io."—8hippiH{/ World. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



MA RI^ B SNQINBERINQ. 19^ 

Second Edition, Revised. Cloth. Profusely Illustrated. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Prineiples of Construetlon of the Steam Tupbine, 
with Hlstorfoal Notes on its Development. 

By ALEXANDER JUDE. 

CoNTBNTS— Fundamental.— Historical Notes on Turbines.— The Velocity of Steam.— 
Types of Steam Turbines.— Practical Turbines.— The Efficiency of Turbines, Type I.— 
Trajectory of the Steam.— Effiaency of Turbines, Types II.. III. and IV.— Turbine Vanes.— 
Disc and Vane Friction in Turbmes. — Specific Heat of Superheated Steam. — Strenetb 
of Rotating Discs.— Governing Steam Turbines.— Steam Consumption of Turbines.— The 
Whirling otShafts.— Speed of Turbines.— Index. 

"One of the latest text-books . . . also one of the best . . . there is absolutely 
no padding.**— ^/r WilUam White in the Times Engineering Supplement. 



In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6b. net. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Prof. J. HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in the University of Glasgow. 

'"This is the best popular work on the marine steam turbine which has yet appeared."— 

Sixth Edition, Revised. Large Crown 8vo. Pp. i-xi + 392. With 
5 Plates and 111 Illustrations in Text. 6s. net. 

ENGINE-ROOM PRACTICE s 

A Handbook fop Engineers and Offleeps in the Royal Navy and Hepcantlle 

Marine, including the Management of the Main and Auxiliary 

Engines on Board Ship. 

By JOHN G. LIVERSIDGE, Engr.-Oommr. R.N., A.M.I.C.E. 

fiH»*fiit#.— Genffral DoBcrSption pf MarlDP MKChlnciTT.— -Tba QoQdlt]ouH of Sarrico Kba 
Dkitlw of EnfrLneors or the Rojfii Navy —Entry »Dd Conditlonn of Serirlce of Enginu^rM of 
tti« Lodiaiug ti.y, Companfes— RftSalnf? Steam —Datiai of a Stftamln^ Witch on Enfclnve 

ud BctlOTB.— SbuttlDX off Stea u — Barboar Dotlei mJ Watutaftti AdinBtniflDtB ckiid 

BQpaJra of fdu^SuMi-— Proflflrv&tltm and Eopuira cf "Tank"' Boilen.— The Hnll ond ivt, 
Pjddo^l.— ClnouEng and PAlntinf ainchinery.— Reaiprocmtln^ Ftuups, Feed E|sat«tv. and 
AntomftUc Fwd - WRtcr Ile^mtora — ETapcratoi*. »* ^t«ati] Bo&ta. — Et«ctric Lt^bl 
MftohtiKry.— IJydnmlio UttChmefr?,— Air-CompMwaiM Fumptt.— BefrigerAttug M&Khlnw 
— Haohlnery of Desiroyerfi.— Tbe MftnaKemeoi of WfttflT-Tttb6 Bol^Arsu— BoguUtronB for 
EDtT7 of Awfiitant Encinfrerfl, R.N.— QiioatJona dlvisn lo ExaniinaUoaa for PromoUoa of 
Aoi^HrQ. B-N ^HecrnlaUoiCLB respfHitlng BdA^rd of Trftdo £x&miDfttionB for EDKiTie«r». Act, 

**TiiJj| vtiT u^FruL BOoiL , . . ULueT&^rio:^^ »r0 of GAKAT IMPOETANOX la tih work 
Of ttLlB kind, and it Ia RaEiafiuitorr to find th&t £r£<^L ittiemtion bu ^)0«q ^tou In tbL» 
r(W]>60t."— JSn[?lfl#^*' Gi^ifiU 

Fourth Edition, Revised. Poolcet-Size, Leather. Pp. i-xiii + 583. 

128. 6d. 

BOILERS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A Handbook of Rulis, FoBMULiC, Tablbs, &o., bklatiyb to Matbbials, 

Sgantlinos, and Pbbsbubbs, Savbtt Valybs, Spbinos, 

Fittings and Mountings, &a 

FOR THB USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS, 

AND STEAM USERS. 

By T. W. TRAILL, M.Inst.O.E., F.RRN., 

Lftfca Bnglneer Soirejror-ln-Chlaf to the BoMrd of Tndt. 

'* CoDtains an Bhouious Quartitt of IirroaMATioir armnged in a rery oonranlent Cann. . . 

A votT urayvL toluiib . . . Bopplylnff Infonnation to be had nowhere else."— 3%« Bmoimiir. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, 8TRANO1 



20 CHARLES GHlfFiN A OO.'S PUBLICATIONS. 

Third Edition, Revised. Pp. i-xv + 356. With Frontispiece, 8 Plates 
and 218 lUnstrations in the Text. 2l8. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Ppaetieal Text-Book for the Use of Engine Builders, 

Designers and Draiiglit8men« Railway 

Engineers, and Students. 

By WILLIAM FKANK PETTIGREW, M.Inst.CE. 

OoNiefiM. — Historloftl Introdaotion. 1768-1868. ~ Modern LooomotiTM: Blmpto.— 
Modem LooomotiTM: Oompoand. — Prim&ry ConalderatlOB in Locomotive Design.- 
Cylinders, Steam Ohests, snd Stofflns; BozeB.->PistonB, Piston Bods. Oroeshesdt, and 
Snde Bart.— Oonneotinff and OonpUnff Bods.— Wheels and Azlee, Axle Boxes, HomblooliK 
and Bearing Springs.— Balancing.— VaWe (}ear.— Slide ValTee and Valve Gear Detaila— 
Framing, Bogies and Axle Tmoks, Badial Axle Boxes.— Boilers.— Smokebox, Blast Flpe^ 
rtrebox Fitttngs.— Boiler Monnttngs.— Tenders.- BaUway Brakes.— Lalirieation.—Oon- 
•nmptlon of FneU Eyaporatlon and Engine Efficiency.- Bepaire, Banning, Inspection, 
and Benewals.— Three AppeodloeB —Index 
*'The book is very troly a full treatise on the locomotive to date."— (7aMtf<r'< MoffoHtu. 

''Hie work ooHTinrB all that oav bb lkabst from a book upon sneh a saMeet. It 
will at once rsnk ss thb stavdabd wokk opoh this dipoktakt srajsor.*'— itoihiair MaffOMint, 



In Large 8vo. Pp. i-xxi+189. With Frontispiece and 148 other 
Illustrations. Ss. 6d. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

By J. F. GAIRNS. 

COHTBNTB.— Introductory.— Compounding and Superheating for Locomotives.— A 
Classification of Compound Systems for Locomotives.— The HiBtory and Development of 
the Compound Locomotive.— Two-Cylinder Non-Automatic Systems. — Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.— Four- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than TandemX- 
Four-Cylinder Balanced Systems.— Four-Cylinder Divided and Balanced Systems.— 
Articulated Compound Engines.— Triple-Expansion Locomotives.— Compound Back 
LocomotiveB.— Concluding Bemarks Concerning Compound Locomotives.— The Use of 
Snperiietfted Steam for Locomotives.— Index. 

*' A welcome addition to the library of the railway eagineer."'^ Engineering Timet. 



In Large 8vo. Handsome Cloth. Pp. i-xi-i-339. With 9 Plates. IBs. 

uioscrr tiiltiaIbi iLir & 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.In8T.0.E., 

LateDapoty-Mansger, North-Westem Rsilwsy, India. 

'* The whole sabieot is sxhaustivslt and pSAonoALLT considered. The work can >^ 
cordially reoommenoed as JUWiarBMS AXLn to those whose dnty it is to become aoqoainted 
with one of the prime necessities of the immediate fatnra"- Aatf/woy Offlciaf Gattttf 

lONDON : CHARLES fiRIFFIN ft CO.. LIMITED. EXETER STREET. STRAMD. 



BNOINEERINQ AND MECHANICS. 21 

In Crown 8vo, Handsome Cloth. Very Fully Illnstrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 

PART I.-THE PETROL OAR. 5s. net 

Second Edition. Pp. i-xii + 204. With 36 Illustrations, including 
6 Plates and Frontispiece. 

" Should be carefully studied by those who have anything to do with motors.' —Aut0' 
0mMU and Carriage Builder^ Journal. 

PART IL-ELECTRICAL AND PETROL ELECTRICAL 
MOTOR CARS. 5s. net. 

Pp. i-x + 202. With 50 Illostrationi, including Frontispiece and 
8 Plates, contains also 13 page Glossary. 
*' Cleverly written . . . will be found of contidenble value.— iVuMtiM^ J^nj^tn^^r 



In Large 8vo. Handsome Cloth. Pp. i.ix + 376. With 12 Folding 
Tables and 329 IHuBtrations. ISs. net- 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Woriting of Petrol Motors. 
By F. STRICKLAND. 
Obnbral CoNTuns.— Pabt I. : BKGIKBS.—Hi8torioa].— Power Required.— Oeueral 
Arrangement of Bnglnet.— Ignition.— Carburettors.— Cylinders, Pistons, Valves, ^.— 
-Cnmk Shafts, Crank Chambers, Cams, Runners, Guides, Ac— Pumps.— Flywheels.— 
Pipe Arrangements.— 8ilenoer8.—Bngine Control, Balancing.— Motor Cycle Bnginee.- 
Marine Motors.— Two<Cycle Motors.— Paraffin Carburettors.— Oas Producers Pabt 
II. : Cabs.— General Arrangements. —Clutches. -Transmission.- Differential Gears. — 
Universal Joints.- Axles. — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. — 



Bteering Gear. — Radiator. — Steps, Mudguards, Bonnets, ^c. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of SafeW.— Calculations of Stresses.i-Sp( ' ' "' "- - ' 

<}ear8.— Special Cars.— Commercial vehicles.— Racing Cars.— Irdbx. 



"Tboronffhiyprmetloal and scientific. . . . We have pleasure in recommendlns it to all." 
—MeekanicaX Bnginmr. 

In Medium 8vo. Handsome Cloth. Pp. ixv + 272. With 306 
Illustrations. Ifis. net. 

OIL MOTORS. 

Tiieir Deveiopment, Construction, and Management 
By G. LIECKFELD. (Authorised EngUsh Edition). 
GoMTKiTTS.- Liquid Fuels for Power Production.— Development of the Petrol and 
Paraffin Motors.— Working of the Later Paraffin and Petrol Engines.— Ignition Devices. 
—Examples of Stationary Petrol, Alcohol, Paraffin, and Crude Oil Engines.— Automobiles. 
—Ship Boat, and Air-ship Engines.- vehicles, Ac, Driven bv utemal Combustion 
Engines.— Erection and Attendance of Engines Driven with Liquid Fuel.— Correcting 
Irregularities in Running. 

"One of the most comprehensive publications we have perused, and one that can be 
^orou^y recommended. "-Ptftroltfum Review. 



In Demy 8vo. Handsome Cloth. Pp. i-xi+ 176. With 
130 Illustrations. 6s. net. 

CARBURETTORS, VAPORISERS, & VALVES, 

used in internal Combustion Engines. 

By EDWARD BUTLER, M.LMech.E. 

" Mr. Butler writes with an intimate practical knowledge of his subject, and the book 
is one we have every pleasure In recommending."— Jf^d^niea/ Btiffineer. 

lONDQN: CHARLES GRIFFIN A CO.. HIIITEO. EXETER STREET. STRANO 
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Fourth Edition, Rerised and Enlarged. With additional Illustratioiis. 

Large 8vo, Handsone Cloth. 258. net. 

A TBXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mich.E. 

Revised throughout by T. Graves Smith. With important New Chapter 
by Prof. Burstall. 

In Quarto, Handsome Cloth. With Numerous Plates. 258. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINES, AND LOCOMOTIVB). 

With Tests and Experiments on Diffepent Types, Heating Value of Fuels- 
Analyses of Gases, Evapopation, and Suffffestions fop Testing Boileps. 

By BRYAN DONKIN, M.Inst.C.E. 

** Probably the most BZHAUsmrB r€$um4 tbat hM ever been collected. A pBAonoAL 
Book by a tboroaghly praotioal biml'*— /tm amd Coal Tradu lUviem. 



In Large Crown 8vo. Cloth. Pp. i-vii + 198. With 55 Illuatrations. 

5s. net. 

SUCTION GAS PLANTS. 

Bt Prof. C. A. SMITH, of the East London Technical College. 

Ck>NTENTS.— Introduction.— Details of Ck>n8tructiou.— Fuel and Testing.— Application 
and Uses of Suction Plants.— Working the Plant.— Typical Plants.— Plants for Special 
Purpoees.— Total H.P.— Efllueut.— Cost of Gas Production.— The Gas Engine.— Biblio- 
naphy.— Calorific Value of Coal Gbts.— Of Solid Fuels.— Gas Analysis.- Destruction of 
Tar in the Producer.— Detection of CO in Exhaust —Capital Cost.— Index. 

"This book is one we can cordially recommend as affording a complete knowledge of 
the theoretical aspect of Suction Plants.*'— G^ WorW. 



In Handsome Cloth. Pp. i-iv + 262. With 93 Illustrations. I2«. 6d. net. 

THE GAS TURBINE. 

Progress in the Design and Construetion of Turbines 

Operated by Oases of Combustion. 

By HENRY HARRISON SUPLEE, B.Sc. 

SiooND Edition. Large 8vo, Handsome Cloth. Pp. i-xxxi x 538. 
With 157 lUoBtrations, 97 Tables, fto. 21s. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Praetiee of Lubrieatlon, and on th* 
Nature, Properties, and Testing of Lubricants. 

BT AHD 

LEONARD ABOHBUTT, r.LO., F.aa, B. M. DEELEY, ILLMeotuS., F.Q.S. 

Chemist to the Mid. By. Co. Chief Loco. Super., Mid. Ry. Co. 

OOHTBHTB.— L Friotlon of Solids.— IL Lionid Friotlon or Ylsoosttj. and Plastto 
friction.— m. Superficial Tension.— IV. The Theory of Lubrication.— v. Lnbrioanti, 
their Sources, Preparation, and Properties.— YL Plqrsical Properties and Methods ot' 
bamination of Lubrioanta.— YII. Chemical Properties and Methods of BzaminatioB 
of Lubricants.— Vin. The Qystematio Testing of Lubricants by Physical and Ghemlcal 
Methods.— IX. The Mechanical TeeUns of Lubricants.— X. Iba Design and Lubrication 
of Bearings.— XL Hie Lubrication of Machinery.— Inpix. 

*' A most valuable and compr^e islve treatise on a subject of the greatest importance - 
to 9n$^eeTa "—Engineering. 

UNOON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAND. 



BNQlNKHiRlNG AND ME0HAJS108, 23. 

In Crown 8yo, Cloth. Illustrated with Dukgrams. 38. net. 

THE FORCE OF THE WIND. 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.), 

Professor of Civil Engineering, Tong Shan Engineering College, N. China. 

Contents. — Practical Im{)ortance of Wind Pressure. — Impalsive^ 
Force of the Wind.— Variations in Velocity.— Stream Line Theory. -Stress^ 
in Structures due to Wind.— Windmills.— Train and Motor Resistance.— 
Effect of Wind on Water.— Scouring Effect of Wind.— Index. 



In Crown Svo. Handsome Cloth. With 22 Diagrams. 3s. 6d. net. 

STRESSES IN MASONRY. 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.). 

Contents. — Strength of Stone. — Walls. — Columns and Piers. — 
Brackets and Cantilevers.— Simple Arches.— Vaults and Skew Arches. — 
Domes. — Retaining Walls and Domes. — Artificial Stone. — Re-inforced* 
Concrete. — Index. 

In Handsome Cloth. With 11 Folding Tables. 
EXPERIMENTAL INVESTIGATIONS ON THE POWER REQUIRED TO DRIVE: 

ROlLilLiING IWIIlLilLiS. 

Translated from thk German of J. PUPPE. 



FoiTBTH Edition. Pp. i-xii + 157. With 50 lUuBtrations. Cloth, 4«. fid. 

STEAM - BOILERS: 

THBIR DinrSOTS, ICAKAaBlCDNT, AND OONSTBUOTION, 

By R D. MUNRO, 

(fkl^ BMfineer of the SooUiA BcOer Inrntranoe and Jtngin^ 
" A valuable companion for workmen and engineers engaged about Steam BoilerB, ought' 
to be carefully studied, and always at nAHi>."^Coll Guardmn. 



Br THE 8AMB AUTHOR. 

KITCHEN BOILER EXPLOSIONS: Why 

thej Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment With Diagram and Coloured Plate. 3s. 



In Crown Svo, Cloth. Pp. i-xii + 180. With 143 lUustrations. ^s. mi. 

EMERY GRINDING MACHINERY. 

A T^zt-Book of Workshop Praetiee in General Tool Grinding, and the 
DesUrn, Constpuetion, and AppUeatlon of the Maehines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

• * Eminently practical . . . cannot fail to attract the notice of the users of this dass o^ 
machinery, and to meet with careful perusal. "^^A#»w. Trade Journal. 

I4N00N: CHARLES GRIFFIN & UO., LIMITED, EXETER STREET, STRANa 



:34 0HARLE8 OHIFFIN A CO.'S PUBLiOATlONS, 

In Crown Quarto. Cloth. Fully Illustrated. 
AN ELEMENTARY TEXT-BOOK ON 

MECHANICAL DRAWING. 

By JOHN E. JAGGER, M.Sc.(Vic)., Whit. Sch. 

A work produced from Notes and Observations made dnrins many 
years of Practice and Teaching, and presenting the subject of Machine 
Construction and Drawing in a rational manner. 



Fifth Edition, Thoroughly Revised and Greatly Enlarged. Pp. i'X + 258. 
With 10 Plates and 246 other Illustrations. Price lOs. 6d. 

VALVES AND VALVE -GEARING 8 

A Praotioai Text-book for the use of Engineer, Draughtemen, and Student: 
By CHARLES HURST, Practical Drauohtsmak. 

Part I.— Steam Eneine Valvee. I Part ni.— Air Compressor Valves and 

Part II.— Oas Engine Valves and Gearing. 

Gears. I Part IV.— Pump Valves. 

" Mm. HuBST's VA&vis and VALTa-aiABivo wtU prove a very valnabls aU, and tend to the 
•prodoetlooorBndnssofsoiunxno DMi«iia&d ■oovonoAKWoanvo. . . . WlUbelanelj 
^ooght after by Scadents and Destgners."— JToHim Em gi nmt. 

*• As a praotioai treatise on the subject, the book stands without a rival'*- M^dianioml 
World. 



•Mints on Meam Inffino Dealflm and Constniotion. By Chaslu 
HuBST, '* Author of Valves and Valve Gearing." Sboomd Edition, 
Revised. . In Paper Boards, 8vo., Cloth Back. Pp. i-vi+62. With 
32 lUostrations. Prioe Is. 6d. net. 
OoNTssm— L Steam Pipes.—IL yalves.— IIL Oyllnders.— IV. Air Pumps and Con- 
densers.— V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.— vni. 
Lnbrloation.— IX. Misoellaneous Details —Iimsx. 

** A handy volume whioh every praotioai young e n g in ee r should possess.**- 2%« Mod*' 
Bngimeer. 



Fifth Edition. In Two Parts, Published Separately. 
A TEXTBOOK OF 

Engineering Drawing and Design. 

By SIDNEY H. WELLS, Wh.Sc.. A.M.LC.E., A.M.LMkch.E. 
Vol. I. — Practical Gromktry, Plane, and Solid. 

Pp. i-xi + 149. With 101 Illustrations, and an Appendix 
of 43 pages with 70 Illustrations. 4s. 6d. 

Vol. II. — Machine and Enoinb Drawing and Drsion. 

Pp. i-xi + 321 . With over 200 Illustrations. 48. 6d. 

** A OAPitAi nzT-BOOE, errsofed oo sn bzobluv* sTonif, oslenhited to glvesB liitelllfSBt 
^rssp of the snldeot. end not the mere faaaltj of meohsolosl oopjing . . . . Mi, Wells shows 
%ow to main ooMrun woekivo-d&awivos. aiseusslnff taJOj eeoh step In the dssign.*— JWiHi Just 



iONDON: CHARLES GRIFFIN « CO., LIMITED, EXETER STREET, STRAND. 



KNQlNKEHli^Q AND MKOHAJSIO^, 25. 

Sbcond Edition, Enlarged. In Crown 8vo. Cloth. Pp. i-xiii + 463. 
With 212 niustrations. 6s. net. 

PRACTICAL CALCULATIONS FOR EN6IN££RS. 

By CHARLES E. LARARD, 

A.M.lMfcC.B..M.LMech.E..Wh.ExlL. , , . „« 

Head of the Mechanical Bngineering Departroent at the Northampton Inrtitate« London. RC. 

And H. a. GOLDING, A.M.I.Mech.R 

" Bxactly what It should be in order to nutke it uaeftil to stadente and practitioners of 
engineering.^— JtfafioA«s(«r Ouardian, 

In Crown Svo, Handsome Cloth. Pp. ixii + 282. With 107 
Illastrations. 58. net. 

MECHANICAL ENGINEERING 

Bt R. & M*LAREN. 

Ck>MTXKTS.— Msterial8.~Bolt8and Nuts, Stud8,.8et Screws.— BoUen.— Steam Kalslng 
Aoceasoriet.— Stesm Pipes and Valvas.- The Steam Bnglne.— Power Trmnsmlsaion.- 
Coodenslng Plant.— The Steam Turbine.— Electricity.— Hydraulic Machinery.— Gas and 
Oil Kiudnet.— Strength of Beams, and Useful Information.— Imdbx. 

" The best of Its kind we hare seen, and should be In the hands of erery apprentice." 
— SCeomtftip. 

Sixth Edition. Folio^ strongly half-boiind, ais. 

Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales and Victoria. 

*«* PmbHsksd with the Ccncurrmct §J thi Suroeycrs-Situral for New South 

IVaia and VktoritL 



"Those who have wmerience in exact Suk¥sv-wobk will best know how to appredaie 
enonnoas amonnt of labour r e pr e s e nt ed by this Tahiable book. £v«ry Surreror in 
active pmctioe has Mt the want of such atsishinre paw kmowimg op thkir (the Tables)* 



Strongly Bound in Super Royal Svo. Cloth Boards. 7s. 6d. net. 



For Calculating: Wages on the Bonus or Premium Systems. 

For Engineering^ Teohnioai and Allied Trades. 

By henry a. GOLDING, A.M.LMech.E., 

"Cannot fail to prore practically senriceable to those for whom they have been 
designed."— Sioottman. 

JHORSES-POISTESR COIWIPUrTESRS. 

By H. a. GOLDING, A. M. I. Mech. K , A M.I. A. E. 

For Steam, Gas, and Oil Engines. Complete with Explanatory- 
Pamphlet. In Box. Rs. net 

For Petrol Motors. Complete with Explanatory Pamphlet. Idx 

Envelope. 6d. net 

Detailed Prospectus on Application. 
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SiooND Edition, Revised. In Croum 8«o, extra, with Diagrams 
and Foldtng-Plau. 78. 6cL net. 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

INTEGRATION AND DIFFERENTIATION, 

With Applleatlons to Teehnieal Problems; 

AND 

OIiASSIFIBD BEFEBSNOX LIST OF INTEGBAIiS. 

«y PROF. ROBERT H. SMITH, A.M.In8T.C.E., M.I.Mech.E., Ac. 

'* InUreatlDffdlagTMDft, with pnetleal llhutrattooi of actual oeoorreDce. are to be fooiid ben 
In abnndaiiee. TBI tbet ooMPLafB CLAannn manuiioB vabu will i>roTe Tery naetal In 
MTiBff the time of thoee who want an integral in a hxarj,''^TIu Mtiginmr. 

In 4to, Boards. 79. Sd. 

IVIEASUREMENT CONVERSIONS 

(English and French) : 
43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at a gUnoe the Mxttual Cokvbbsion of MxASURBiaiiTB 

in DivmiENT Units 

Of Lmgtbi, AreM, YolamM, Weights, StreMat, Deniities, Quaaltttot 

of Work, Hone Powen, Temperatoree, Ao. 

P9r tks U90 of £ngln0€n, Butvyon, ArcMUeU, and Oontnuton 

By prof. ROBERT H. SMITH, A.M.Inst.C.E., M.I.Mech.E., &c. 



Third Editioh. Pocket Sice, Leather Limp, with OUt Bdgee and RooDded Cornen, 
printed on Special Thin Paper, with lUustrationa, pp. i-£i + 884. Price 18b. net. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

By henry HARRISON STJPLEE, B.Sc., M.E. 

** We feel sore it will be of great aeryice to mechanical engineers.** — Engineering. 



¥^tti Diagrams. Crown 8yo. Cloth« 4s. 6d. 

THE STUDENT'S MECHANICS: 

An Introduetlon to the Study of Foree and Motion. 

By WALTER K BROWNE, M.A., M.Inst.C.E, 

" dear in styie aad practical in method, 'Thb SruDBMys MacHAmcs' is cordiatty to be 
•recommended from all poinu of view.*'— ^Mm«im». 

Bt thb Samb Axtthor. 

FOUNDATIONS OF MECHANICS. 

Papen reprinted from the Engin$tr. In Crown Sto, is. 
Second Edition. Crown 8vo. Illustrated. Ts. 6d. 

THE MECHANIC'S GUIDE. 

A Handbook for Engineers and Artisans. With Copious Tables and 
Valuable Recipes for Practical Use. 

By W. VINCENT SHELTON-BEY, 

Foreman to the Imperial Ottoman Gun Factories, Constantinople. 

lONDON: CHARLES dRIFFIM A CO^ LIMITED. EXETER STREET. STRAlia 



BNOINEERING AND MECHANIGS. 27 

WOBK8 BY 
ANDREW JAMIESON, M.Inst.C.R, M.LE.E^ F.R.aE.. 

FertH4rfy Pro/etscr ^ BlecMctU Rn^hutrimq^ The GUt, and W, o/Scai, Ttch, C0U. 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 
In Lmrgt Cronm 8tw. jFitify lUuttratnL 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Stndents preparing 
for Examinations With 800 pp., over 400 Illustrations, ii Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. Sixteenth Edition, Revised. los. 6d. 
*' TIm Bbst Book yet published for the use of Students."— ^ivfaMr. 

APPUED MECHANICS ft MECHANICAL ENGINEERING. 

Seventh Edition. In Five Volumes. JnchuHng All the Inst. C.E, 
Exams, in Section A, (i) Applied Mechanics; (2) Strength and 
Elasticity of Materials ; (ja) Theory of Structures ; Section B (Group ii.) 
Hydraulics ; Theory of Machines. Also B. of E. ; C. and G. Questions 

Vol, I.— Applied Meehanies. Large Cr. 8vo. Pp. i-xviii+ 382. 6s. 
„ IL— Strength of Materials. Large Cr.8vo. Pp.i-xviu + 264, 5s. 
„ IIL-Theory of structures. Large Cr.8vo. Pp. i-xviii+232. 5s. 
„ IV.— Hydraulics. Large Cr.8vo. Pp. i-xvi+ 274. 5s. 
„ v.— Theory of Machines. Large Cr. 8vo. Shortly. 

*,* Ih Five vclumgSt emch commute in iit*^, mnd told stparatelf. 



PB0FE880B JAMIESON'S nTTBODUCTOBT MANUALS 
Crown 8w. IVak lUuslraHiu and Examinaii4m Paftn. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual oQ. For First- Year Students, forming an Introduction to the 
Author's larger Work. Twelfth Edition, Revised and Enlarged. 3/ u 
'* Should be in the hands of kvskv engineering a3pfnaidxx.**—'Prmciic€USngi$$etr. 

MAGNETISM AND ELECTRICITT (Praetieal Elementary 

Manual oO. For First- Year Students. With Stud. Inst. C.E. and B. of £. 
Exam. Questions. Eighth Edition, Revised and Enlarged. 3/6. 
'*A THOKOUOHLY TKUSTWORTHY Tezl-book. Practicax. and detf.'^— JVo/wrv. 

APPLIED MECHANICS (Elementary Manual on. 

For First- Year Students. With B. of E. , C. and G. ; and Stud. Inst. C. E. 
Questions. Ninth Edition, Revised and Greatly Enlarged. 3/6 
** The work has vbkv high QUAumt, which sMy be coadeneed into the one word 
* CLSAR."*— .SWtfMcy mnd Art. 



\ POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, Ss. 6d. Nineteenth 
Edition. [See p. 30. 

lONDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 
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WORKS BT 1. J. lAGQUORN RAIKDIE, LLD., F.R.S. 

ThoPOUflThly Revlaed by "W. J. VLlLiLASU aBL 



A MANUAL OF APPLIED MECHANICS : Comprising the 
Prindplet of SUtios and CInematios, and Theory of Stractorea, 
Mechanism, and Machines. With Namerone Dia^^rama. Grown 8to, 

Cloth. ElOHTBBHTH EDITION. 12i. 6d. 



A MANUAL OF CIVIL ENGINEERING: CompHsiDg Engin 

eering Sorveya, Earthwork, Ponndationa, Maaonry, Carpen&y, Metal- 
Work, Roads, Railways, Oanals, Rivers, Waterworks, kiarboars, dec. 
With Nnmerons Tables and Illastrations. Crown 8vo, Cloth. 
Twenty-Third Edittoh. 16s. 



A MANUAL OF MACHINERY AND MILLWORK: Com. 

prising the Geometry, Motions, Work, Strength, Constmotion, and 
ObjeoU of Machines, &c With nearly SOO Illastrations. Crown 
8to, Cloth. Sbventh Bdtttok. IISr. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and Air 
Ekgiuks, by Bbtan Donkim, M.Iiist.C.B. With Folding Plates 
and Nomeroai IHustrations. Crown 8to, Cloth. SavRKTBRNTH 
Edition. 12s. 6d. 

USEFUL RULES AND TABLES: For ArchitecUi, Builders, 
Enghieers, Founders, Mechanics, Shipbuilders, Sorveyoit, Ac. With 
Appxndix for the nse of Eliotrioal Enoivxbrs. By Professor 
Jamibsoh, M.Inst.C.E., M.LE.E. Eighth Edition. 10b. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By Professor Rankinb 
and E. F. Bambbr, C.E. With Numerous Illustrations. Crown 
8yo, Cloth. FiiTH Edition. As. 

*,• Th€ ** BfaaHAjnoAL Tkzt-Book " imu d m i gm d 6f Professor BAMUira m$ tm Imtwi*' 
DUOnOH U> th« «frA«« Striti of MammaU. 



MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 
ture, Elasticity, and Expansion of Vapours, l iquids, and Solids. 
Part II. Energy and its Transformations. Part IIL WaTe-Forms, 
Propulsion of Vessels, ko. With Memoir by Professor Tait, M.A. 
^Itti fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 31s. 6d. 

" Mo mora enduring Momarisl of ProisHor RimkiiM coold be de ni ed than tbe pobUce- 
Hon of the«e pepen in an accessible fonn. . . . The CoUe cti oo is oMMt vafaiabU ov 
account of the nature of his diacoreries, and the beauty and completeness of his analysia.** 



tONDOH: CHMU8 GRIFFIN A CO.. UMITEO, EXETER STREET, STRAND- 
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ELECTRICAL ENGINEERING. 

Sbcond Edition, Revised. In Large 8vo. Cloth. Pp. i-xvi-f 496. 
With 145 Illustrations, including 7 Plates. 248. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E.,. 

Late Memb. of Council Iiist.E.E., and Electrical Engineer to the City of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 

*' One of the most valuabui contributions to Central Station literature we have ha<> 

/or some ^mt."—EUctricity. 

In Large 8vo. Handsome Cloth. Pp. i-xv + 231. With 2 Plates and 
204 other Illustrations. 12s. 6d. net. 

ELECTRICITY CONTROL. 

A TPMitlM on Bloetrle Switobffaap and Systems of Bleetrie Tpansmission. 

By LEONARD ANDREWS. 

Associate Membet of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details.— Circuit Breakers or 
Arc Interrupdng Devices.— Automatically Operated Circuit- Breakers.— Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
Genend Arrangement of Controlling Apparatus for High Tension Systems. — General 
Airangement m Controlling Apparatus for Low Tension Systems.— Examples of Complete 
InstallationSi —Long Distance Transmission Schemes. 

" Not often does the specialist have presented to him so satisfiictory a book as this. . . . 
We recommend it without hesiution to Central Station Engineers, and, in factj^ito anyone 
interested in the subject."— /'OTwrr. V 

Large 8vo. Cloth. Pp. i-x + 333 and 307 lUustrations. 168. net. 

ELECTRICITY METERS, 

By henry G. SOLOMON. A.M.Inst.E.E. 
** An /MnuBBt and ■QOoeBSfnl attempt to deal oomprohensively with modem methods of 
meaanrlng current or power in electrical intiU^liJaMonu,'" —Engiiuering, 

In Large 8vo. Handsome Cloth. Fully Illustrated. 

By HERMANN BOHLE, M.I.E.E., 
Prof, of Electrotechnics, 8. A. College, Cape Town, 

And Profbssob DAVID ROBERTSON, B.Sc.. A.LE.E., of Bristol. 

C0MTBNT8. — General Principles.- Magnettsing and No-Load Currents.- Loases iu 
Transformers.- Iron Losses.— Copper Losses. -Temperature BIse.— Magnetic Leakage.— 
Leakage Inductance.— Vector Diamms for Transformers.— Systematic Testing of Trans- 
formers.— Insulating Materials.— Examples of Construction.— Design of Tranuormers.— 
Applications of Transformers.— Regulating and Phase-Changing Transformers.— Index. 



In Large 8vo. Pp. i-x + 116. With 79 Illustrations. 8s. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE EICHHORN, Ph.D. 

"Well written . . . and combines with a good deal of description a careful 
Investigation of the fundamental theoretical phenomena."- Jfattire. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND, 



so OHARLBS ORIFFIN ^k OO.'S PUBUOATION8. 

In Large Crowa 8vo. Cloth. Pp. i-xvi+268. With 222 Ulostrations. 

68. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTBS. 

A Handbook of the Princfptea on which Telegraphic Practice ia Baaed. 
Br ARTHUR CROTCH, of the Engineer-in-Chicf'a Department, O. P. a 
CoHTSNTS. — Batteries, Primary and Secondary. — UniTersal Batteiy Working.— 



Duplex Telegraphy. — Doplex and Qoadraplez Telegraphy. — Automatic Teleeraphy.— 

'dEiutlplex Telegraphy.— liie Hoghei Type Printing Inatrmnent— The Baudot System.— 

, ,. _ jraph . , 

Ac. — Repeaters. — Submarine Telegraphy. — Wireless Telegraphy. — Index. — List or 



Multiplex Telegraphy.— liie Hughes Type Printing Instrument— The Baudot System.- 
The Murray Type Printing Telegraph.— Test and Battery Boxes.— Circuit Concentration, 
Ac.— Repeaters.— Submarine " «.- . -. . ._ - .. 

DlAOBAMS OF CONHBOTIOMS. 

" This book is a particularly good one ... we can thoroughly recommend it • • • 
a handy book of rendy reference."— J?2eetrioa2 Review. 

*' The treatise will be of much help to the telegraph engineer, and to the student 
in his preparatory training and it can be thoroughly recommended."— i^tocCrieian. 



NiNBTKBNTH EDITION. Leather, Pocket Size, with 8io pages. 8s. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

FOX THE USE OF ELECTRtCtANS AND ENGINEERS. 
By JOHN MUNRO, C.B., & Peov. JAMIESON, M.Inst.C.B., F.R.S.a. 
** WoMOBXVOLLT Pbbfbct. . • . Worthy of the highest conmsodatioa we can 
Cbe ^"--EUcMeum, 

a&IFFIN'S ELBOTBIOAL P&IOB-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsing. Second Edition. 8s. 6d« 



ELECTRIC SMELTING AND REFINING. [See p. 52. 

ELECTRO METALLURGY, A Treatise on. [See p. 52. 

ELECTRICAL PRACTICE IN COLLIERIES. [See p. 42. 

ELECTRICAL SIGNALLING IN MINES. [See p. 4a. 

In Large Crown 8vo. Handsome Cloth. 

ELECTRICAL THEORY 

AND THE 

PROBLEM OP THE UNIVERSE. 

By G. W. DE TUNZELMANN. B.Sc.. London, 
Member of the Institute of Blectrical Bngineers ; formerlv Professor of Natural 

Philosophy and A^uonomy, H.M.& " Britannia,''^ Dartmouth. 
Contents. — Fundamental Electrical Phenomena. — Units and Measurement. — 
lieaiiing and Possibility of a Meohanioal Theory of Electricity.— The Ether.— The Ether 
as a Framework of Keference for Motion.—The Relations between Ether and Moring 
Matter.— Electric Conduction in Oases.— The Faraday-Maxwell Theory.— The Electron 
Theory.— Magnetism and the Dissipation of Energy.— Contract Electrification and 
Electrolysis.— Metallic Conduction.— Optical Phenomena.— The Mechanism of Eadlation. 
—General Phenomena of Badio Activity.— Transmutations of Radio- Active Substances. 
—Ages of the Sun and Earth.— The Solar Carona, The Aurora, and Comets* Tails.— 
Baiuo- Activity in Stars and Nebuln.— Arrangement and Number of Atoms in a Mole- 
cule. —Changes in the Aspect of Fundamental Mechanical Principals. — Oravltation 
and Cohesion.- The Place of Mind in the Universe.- Mathematical and other Appen- 
dices.— Indml 

LONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRANa 



NA VAL ARGHITECTURB AND AERONA UTIGS. 31 

In Lar^ 8vo. Handsome Cloth. Profusely Blnstrated. In Two 
V0LCME8, Each Complete in itself, and Sold Skpabatxlt. 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of NaTal Archltectare is Glasgow University. 

Volume L-CALCULATIONS AND STRENGTH. V\^ith 36 Folding 
Plates, and 245 other Illustrations. Pp. i-viii + 423. Complete 
I in itself, with Index. 258. net. 

Contents.— Part I.— Areas, Volomes, mud Centres of Gravity. Part IL— Ship 
Calculations. Part in.— Strength of Ships. 
" Xo teacher of naval architecture nor scientifically- equipped student of the same 
subject can afford to be without it ... A work with up-to^ate infonnation which 
will doubtless remain the standard for many years."— Titnetf* Engineering Supplement, 

Volume IL, dealing with Stability, Waves, Oscillations, Resistance and 
Propulsion, Design and Construction, is in active preparation, and 
will be ready very shortly. 



BY PROFESSOR BILBS. 

LECTURES ON THE MARINE STEAM TURBINL 

With 181 llluBtmUonB, Price 6b. net. 
See page 10. 

toueU 800. Hmndaome Olotn. With numtrotta llluttnttiona and Tabt€$, 28§. 

THE STABILITY OP SHIPS. 

By Sir EDWARD J. REED, K.C.B., F.R.S., M.P., 

•KKiOMT OP TUB IMPBRIAI. ORDBM OP ST. tTANU.AUS OP KOSSXA; PXAMdS JOSBPU u» 

AumtiA; MXDjmu op tukkbv; and usimo sun op japam; pic»> 

PPBSIDBNT OP THE IMSTrrUTIOM OP NAVAL AE UU T SC T t . 

" Sir Sdwakd Rbsd's ' Stabiutv op Ships ' is mvALOASLa. The Naval AaciiiTacr 
will find brought together and ready to his hand* a aiass of infa rm a tion which he would other 
wise have to sedt in an almost endless variety of pu hHcati ons , and some of which he would 
possibly not be able to obtain at all ebewhere."— a«MM«*ii^. 



AERONAUTIGAL ENGINEERING. 

Segond Edition, Revised. In Large 8vo. Cloth. With many 
niostrations. lOs. 6d. net. 

THE PROBLEM OF PLIGHT. 

A TEXT- BOOK OF AERIAL ENGINEERING. 

By HERBERT CHATLEY, B.Sa(ENO.), London, 

Professor of Civil Engineering. Tong Shan Engineering College, N. China. 

GoimvTa— The Problem of Flight— The Helix. —The ASroplane.— The Aviplane.— 

Dirigible BaUooos.— Form and Fittings of the Ahrship.— Appannoas {The PeeMtbiUif of 

Flifhi, Weight, A Flexible Wing, theory of Balanee, BibliogreipkgX'-JMomx, 

•• An epitome of the knowledge available on the sabjeei."- " -' 



lONDOM: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRANOl 



32 CHARLMH GRIFFIN S 00:8 PUBLICATIONS. 

WORKS BY THOMAS WALTON, 

NAVAL ARCHITECT. 



Fourth Edition. Pp. i-xvi + 332. With 18 Plates and 237 otlier 
lUostrations, including 59 Folding Diagrams. 18s. net. 

STEEL SHIPSi 

THEIB OONSTBUOTION AND MAINTBirAirCB. 

A Manuat for Shipbuffdera, Ship Superintendents, StudetiU, 

and Marine Engineers, 

By THOMAS WALTON, Naval Architect, 

AUTHOR or "know YOUR OWN SHIP.** 

CoNTiNTB. — I. Manofactare of Oast IroiL Wrooght Iron, and SteeL — Com- 
poaitioii of Iron and Steel, (Quality, Strength, Tests, Ac II. Glassifioation of 
Steel Ships, m. Considerations in making choice of Type of VesseL — Framing 
of Ships. rV. Strains experienced by Shii>s.— Metnods of Compnting and 
Comparing Strengths of Ships. V. Constmction of Ships.— Altematiye Modes- 
of Constmotion.— Types of Vessels.— Turret, Self Trimming, and Trunlr 
Steamers , Ac. — Rivets and Rivetting, Workmanship. VL Pumping Arrange- 
ments. Vn. Maintenance. — Prevention of Deterioration in the Hulls of* 
Ships.— Cement, Paint, &c.— Indix. 

" So fthorongh and well written Is every chapter in the book that It to dlfflonlt to teldet 
Miv of them m being worthy of ezoeptlonal praise. Altogether, the work la ezoeUent, and 
will prove of ffreat valne to those for whom It is Intended. —7^ Engineer. 

In Cloth. Pp. i.-xii. + 224. With 9 Plates and 163 other lUustrations, 
including 40 Folding Diagrams. Ts. 6d. net. 

PRESENT-DAY SHIPBUILDING* 

for Shipyard Students, Ships* Officers, and Engineers, 
By THOS. WALTON. 
Gbnbral Contbmts.— Classification. —Materials used in Shipbuildio^.— 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arransements, Loading and Discharging Gear, Ac. — I^pes of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers,. 
Turret and other Self Trimming Steamers, Ac- Ikdbx. 

"Simple laogoage . . . clear and easily followed illustratloni." — runer 
Btv/ineering SuppUment. 
*' We heartily recommend it to all who have to do with ships. "—<S%Mi9ntA4»* 



Elbventh Edition. In Crown 8vo- Cloth. Pp. i-xvi + 363. With 
142 Illustrations, including 2 Folding Diagrams. 7s. 6d. 

The Chapters on Tonnage and Freeboard have been brousrht thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these sulueets. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners. 

Superintendents, Draughtsmen, Engineers, and Others, 

CoirraMTg. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Structore.— Stability.— Rolling. — Ballasting. — Loading.— Shifting Cargoes.— Effect of 
Admission o( Water into Ship. —Trim Tonnaae. —Freeboard (Load-lineX— Calculations.— 
Set of Calculations from Actu al Drawings.— Imdbx. 

" The work is of the highest ralue, and all who go down to the sea In ships should make them-r 
selves acqiuloted with iC'Skipping WoH4 <on the new edition). 

LONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SEBIEa 

Introductory Volume. Pp. i-xix ■{■ iS4S. Price Se. 6cL 

British Mercantile Marine. 

Bt edwabd blacemore, 

MASTBR MAimCBX; ASSOCIATB OF THB nCSTrnmON OF MAVAI. AKCHITBCTSt 

ICBMBBR OF THB INSTITUTION OF BNCINBBItS AND SHIFBUILDB&S 

IN SCOTUkND I BDITOIt OF GRIFFIN'S **NAVTICAX. SBMiBS.' 

GmnoLAL C^nvTS.— H18TOBIOAL : From Eariy Timet to 1486— ProoreM 
onder Hanry YIII.— To De»th of Muy— Dorinff Elizabeth*B Bdffn— Up to 
«he Edgn of William in.— The 18th and 19th Centuries— Institatioii ci 
KTiiniiiationB — Biie and ProgreaB of Steam PropnlBion — Deyelopment of 
Free Trade—Shipping Legialation. 1862 to 1875— " Locksley Hall'^ Ctme- 
»•«—"—*—' Sodefiea— Loadinar of Shipe— Shipping Legislation, 1884 to 1894— 



Statistios of Shipping Thi nBBONNiL : Shipowners— Officers— BCarinert— 
Duties and Present JPosition. Bduoatiok : A Seaman's Education: what it 
should be— Present Means of Education— Hints. DiSGiPLDn AMD DvTT— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demandmg the Attention of the Nation. 

* lansBRiKS sad Ix&mocnym . . . may be read wxra pboiit sad lajoiiaBT."- 

^* Bmr BBAHCB of the rabjeet it dealt with te a way which shows that the writer 
* knows tiie ropes* ttaxAXkutj.^'^SootsnuM. 

**TUs ABMDUBxa book . . . nsMB with uefnl infonnatioB—flhoiild be in ttar 
bands of STsry Baik>r.**— >fr««<eni Morning Iftwi. 



Fifth Edition, llioroughly Revised. Pp. i-xvi + ^SO. With 
Frontispiece, 2^ Plates (S Coloured), and 63 JUustrations 
in the Text and new Chapter on Clouds. Price 6s. 

ELEMENTARY SEAMANSHIP. 

O. WILSON-BARKER, Mastkb Marinbb; F.R.8.E., F.R.G.S.,&a, fto. 
TovHoaa BBonnE of thb cbihitt houbb. 

GxNZRAli Ck>HTBNTB.— The Building of a Ship; Parts of HulL Masts, 
Ac.- Ropes, Knotiu Splicing, kc — Gear, Lead and Log, ko. — RufgiDg, 
Anchors — Saihnakfag — The Sails, &c — Handling of Boats under Sail- 
Signals and Signalling— Rule of the Road— Keeping and Relieying Watch— 
Pomts of Etiquette— Glossary of Sea Terms and Ph r as e s I ndex. 

*«* The Tolnme contains the inw anus or tbb boad. 

M This ADMBAi^s MANUAL, by Oar. WfLSOv-BABUB of the ' WoToester' seems to na 
rsaiacTLT nssiaran. and holds its place ezcenenthr in * OaziVDi's NAuncAL buss. * . . . 
Althongh I n t end e d for those who an to become OfBcers of the Merchant Navy, it will be 
Toond osefol by ail lAomatMB.^'^At h m mmii . 

lONDON: CHARLES CRIFFIN H CO., LIMITED. EXETER STREET, STRAND. 



34 CHARLES QRIFFIN dc CO.'S PUBLICATIONS. 

GRIFFIN'S NAUTICAL SERIES. 

Sboond £dition, Revised. Fp, i-xii + 166. With 61 
niustrcUiona. Price Sb. 6oL 

NAViaATION: 

By DAVID WILSON-BARKER, RN.R, F.RS.K, &a, Ac, 

AND 

WILLIAM ALLINGHAM, 

WOBt-CLABB HOMOUBS, MAYIOATIOM, SOIRIOI AMD ART DIFARTMBMT. 

'Vnftb fiumetouB }llu0ttationd an^ Bxamtnation (ftttcetiotta. 

QmBAL GoMTBNis.— Definitioiis — ^Lfttitade and Longitude — Instrument* 
ol NATig»tion~Oorrection of Gotmee— Plane Sailing — Travene Sailing—Day'* 
WoriE — Parallel Sailing — Middle Latitade SaiQng — Meroator*! Cbart- 
Meroator Sailing— Cturent Sailing — Position l^Beanngt— Great Cirde Sailing 
- The Tides— Questions— Appendix : Compass Jlrroi^—Nmneroas Useful Hints. 
ho — Index. 

'' Fbmisblt the kind of work required for the New Oerttfloates of oompetency in mdss 
from Second Mate to extra Master. . . . Oaodidates will find it nr r k W k Wt M. *'^ ^ m 4m 

**▲ OARTAL UTTLB BOOK . . . Specially adapted to the New lEraTnlnatiotn Tlie 
▲othors are Oar. Wnsoir-BAKKSK (Captain-Saperintendent of the Nantical OoUege, H.M.& 
* Woroester/ who has bad great experience in the highest problems of NaTigraon), ami 
Ma. AxuHQHAii, a well-known writer on the Science of NaTigaaonand Nautical AttroDomy.** 
"Sklfpmg World. 



Handsome Cloth. Pp. i-xvi-^lSS. With 10 Plates and 34 other 
Illnstralions. Price 7s. 6d, 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAYT. 
By WILLIAM ALLINGHAM, 

Joint Antbor of ** NsTlgatlon, Theoretical and PrsetloaL'' 

With nnmerous Places, Maps, Diagrams, and niustrations, and a faosimila 
Rei^odaotion of a Page from an actual Meteorological Log-Book. 

SUMMARY OF OONT3DNT8. 

INTRODUOIOBT.— Instnunenta Used at Sea for Meteorological Purposes.— Meteoro* 
logical Log-Booka.— Atmospheric Preasiire.— Air Temperatures.— Sea Temperatures.- 
wlnda.— mnd force Scales.— History of the Law of Storma.- HmrlcaneB, Bessons, sod 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.- loebem.— Syn- 
ohronons Charts.— Dew, Mists. Fogs, and Haze.— Clonda.— Rain, Snow, and HaiL— 
Mirage, Bainbows, Coronas, Halos, and Meteors.- lightning, Corposants, sad Aaioraa.— 
QoBBnoira.- Appbidiz.- ixDix. 

Quite tha ssar pablication. asd certainly the most iimmaBTiHe, on this SBbdeol aTor 
ntad to Nantical men."— Sk^nring Oamtu. 



lONOON: CHARLES SRIFFIN ft GO.. LIMITED. EXETER STREET. STRAND 
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GBITFIK'S MATTTICAL SERIES. 

Thibd Edition, Rxvisxd. Pp. i-xii + 175. With 54 IllnitratioDB. 
Price 8b. dd. 

PRACTICAL MECHANICS! 

Applied to the Beqnirements of the Sailor. 
By THOS. MACKENZIE, Master Mariner, F.B.A.S. 

QfEKKRAL CoinnafTS.— Beaolntion and Gompodtkn of Votcm— Woric done 
bj MachineB and Living Agento— The Mechanical Powers: The Lever; 
iMrriokB as Bent Leyere— The Wheel and Axle : Windlass ; Ship's Capstan ; 
Oiab Winch— Tackles: the **01d Man»'— The Inclined Plane; the Screws 
'nie Centre of €^viW of a Ship and Cargo — Belative 8trenfl[th of Bope : 
Steel Wire, Manilla, Hemp, Coir— Derricks and Shears— Calculation <^ the 
O^oBS-lireaking Strain of Fhr Spar— Centre of Bffort of Sails— HTdrostatics : 
the Diying-bell ; Stability of Floating Bodies ; the Ship's Fmnp, kc 

" WxLL WOBTH the money . . . will be found xxosidinolt helftul.'*— 
Shipphig World, 

** No Smps' Ottiobbs' bookoasb win henceforth be oomplete without 
Captain Magkskzis's * Pbaotigal Mxghakiob. ' Notwith s tandin g my many 
Tears' experience at sea, it has told me Juno mtuih more there is to acquhrt,*' — 
(Letter to the Publishers from a Master Mariner). 



WORKS BT RICHARD C. BUCK, 

Of the ThaiuM Naatiesl Training OoUege, H.1L8. * Woroester/ 

Third Edition, Revised and Corrected. Pp. i-viii + 113. 
With 38 Illustrations. Price 3s. 6d. 

A MANUAL OF TRIGONOMETRY: 

With Diagrams, Examples, and Exercises. 

*«* Mr. Buck's Text-Book has been bpeoially pkbpabbd with a view 
to che Examinations of the Board of Trade, in which Trigonometry 
k aa obligatory subject. 

**Thla mnrsHTLT PBAonoAL and bxliablb tolumb."— iSeAoolmMfer. 



SiooND Edition, Bevised. Pp. i-viii + 158. IPrioeSs. 6d. 

A MANUAL OF ALGEBRA. 

De%igned to meet the Requirements of Sallore and othere, 

*«*TheBe elementary works on ALQssmA and xKoovoianT ue written specially for 
le who will have little opport ou ity of oonroKing a Teacher. They ue books for **sbli» 

p.** All but the dinplMt explanationB have, therefore, been avoided, and ABSWBBfl to 

thelzerelseesreglvea Any person may readily, by carefol itodv, heoome master of their 
^, and thus lay the foandatlon for a farther mathematical course, If dedred. it Is 



hoped that to the younger Offloers of onr Mercantile Marine they will be fomid deeldedly 
MnioeablCk The Biamplee and ExeroiMs are taken from the Examination Papen act for 
the Oadeti of the ** Woroester.** 

"Clearly arranged, and well got op. . . .A tret-rate Elementary Algebra.**. 

LONDON: CHARLES QRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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QBimN'S KAPTICAL SEBIB8. 

Sjcoond Edition, Revised. With Diagrami. Price 28. 

LATITUDE AND LONGITUDE : How to M ta. 

By W. J. MILLAR, C.E., 

LaU JSttrtUuy to tht hut o/Xngimetrt md ShtpbttUdtn im fl c o tfa ii rf . 

' O0HOI8K.T and GLIABLT WMI TT EM . . . oumot bat proye an acqniiitkMi 
to thoee stachrlng Ntmn^on.**— Marine Engineer, 

" Yoong Seamen will find it hamdt and usbful, sdcplb and olbaju"— I%i 
Engineer, 



Sbcomd Edition, Revised. In Crown 8vo. Pp. i-xvii+2d0. Price 48. 6d* 

THE LEGAL DUTIES OF 8HIPIA8TER8. 

Br BENEDICT WM. GINSBURG, M.A., LL.D. (Oahtab.), 

Of the Inner Temple end Northern Clrooit ; Barriiter-at-Law. 

General Contents.— Qoeliflcetlon for Position of Shlpmtster.— Oootraot with Ship- 
owner.— Ihity in respect of the Crew : Bngsgement ; Apprentices ; DisolpUne ; Pro* 
▼islons, Aooommodstlon, and Medical Oomf6rts ; Paymeni of Wages and Discharge.— 
Psisengers.— Financial Kesponsibilltles.— Carga— Cssnalty.— Dnt^ to certain Pnblie 
Authorities.— Pilots, Slgnali, Flsn, and Light Dues.— Arrival at the Port of Discharge. 
—Appendices on Legal Mattscs : B.O.T. Certilicates, Dietary Scales, Stowsge of Q/tun 
Gsigoes, Load Line Kegnlatdons, Llfe-ssTlng Appliances, Carrisge of Cattle.— Ihdix. 

**No intelligent Msster should fSU to sdd this to bis list of neoesssry booka A fewUnee 
Sf it oisy SAVB A LAWTBK's rsB, BBSIDBS siTDLBSS wfiwXT.**—lAMrpool Joumal 0/ OommeTf. 



FIRST AID AT SEA. 

Thibd Edition, Revised. Pp. i-xviii + 349. With 82 UlustratioDS and 
the atest Regulations on the Carriage of Medical Stores. 68. 

A MEDICAL AND SDHGIGAL HELP 

Fop Shipmasteps and Offlceps in the Hepchant Navy. 
By WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

\* The ttttentioii of all Interested in our Merchant Navy is reqnested to this esoeedingly 
Bsefnl and vslaable work. It Is needless to say that it is the ontcome of many years 
psAonoAL BZFiBisHCi amougst Seamen. 

" SOUlin, JDDIOIODS, SBALLT ■BLPfUL.'*— TAtf laUCd. 



Eleventh Edition, Revised and Enlarged. Price ?&. 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architbct. 

Speeially arranged to suit the requirements of Ships' Officers ^ Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others, 

Por Contents and further particulars of this work, and other works 

by the same author, see p. 32. 

- 
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OTHER WORKS OF INTEREST TO SAILORS. 



In Pocket Size. With 368 Pages. Ss. 6d. net. 

ENGLISH-SPANISH AND SPANISH-ENGLISH 
SEA TERMS AND PHRASES. 

By Flebt-Paym aster GRAHAM-HEWLETT. 

'* Most complete . . . useful . . we can heartily recommend it."— SUamAip. 



In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net. 

DEFINITIONS IN NAVIGATION & NAUTICAL 
ASTRONOMY. 

By P GROVES-SHOWELL, 

Head of the Navigation Department. L.C.C. School, Poplar. 

Contents.— Definitions.— General.— Navigation.— Nautical Astronomy.— 
Time. — Miscellaneona. — Notes. Measurements. — Mariner's Compass. — 
•Chronometer. — Azimuth Compass. — Peloms. — Sextants — Vernier. — Arti- 
ficial Horizon.— Sounding Machine. — Log. — Station Pointer.— Barometer. — 
Thermometer. —Hygrometer. —Hydrometer. Miscellaneous. —Star Nomen- 
olatnre.— Greek Alphabet.— Planetary Symbols.- Weights and Measures.— 
Areas.— Volume8.—Useful Notes.— Index. 

"Mr. Oroves-Showell writes with a ftill knowledge of his subject, and with admirabla 
elmtnen,"— Shipbuilder. 



Attention is also drawn to the following: — 

HYDROGRAPHIC SURVEYING. By Commander S. 
Messuh, R.N. [See page 16. 

THEODOLITE SURVEYING. By Professor James Park. 

[Set, paye 41. 

THE FORCE OF THE WIND. By Herbert Chatlby, B.Sc. 

[See page 23. 

THE EARTH'S ATMOSPHERE. By Dr. T. L. Phipson. 

[See pcige 46. 

WIRELESS TELEGRAPHY. By Gustave Eichhorn, Ph.D. 

[See page 29. 
(LONDON: CHARLES ORIFFIN « CO., LIMITED, EXETER STREET. 8TRAN0. 
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^W"OI2rICS BIT 

SIR CLEMENT LE NEVE FOSTER, D.Sc., F.R.S. 

Sixth Edition. With Frontispiece and 712 lUiutrations. Price 28i. net. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 

LATE mOFBSSOR OF IIINING. ROYAL COLLBGB OP SCIBNCB. 

Revised, and brought up-to-date 
By Prof. S. H. COX, Assoc.R.S.M., 

PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE. 

GENERAL CONTENTS. 

[NTRODIJCTION. Mod« of Oeeurrence of Minerals.— Prospeetinff.— Boring. 
— Breakins Ground.— Supporting Bzeavatlon8.—Bzploltatlon.— Haulage or 
Transport.— Hoisting or winding.- Drainage.— Ventilation.— Lighting.- 
Descent and AseenU-Dressing— Principles ofBrnployment of Mining Labour. 
— Legislation affecting Mines and Quarries. — Condition of the Miner.— 
4eeldents.— Index 

"We hare seldom had the pleasure to review a work so thorough and c omp lete as- 
the present one. Both in m anner and in matter it is far supkrior to ahtthing cm 

ITS SPBOIAL 8UBJBOT HITHSRTO PUBLISHED IIT ElXQhAll(l>."—AtherutUfn. 

** Not only is this work the acknowledged text-book on metal mining in Great Britain 
aad the Colonies, but that it is so regarded In the United States of America is evidenced 
iKf the fact that it is the book on that subject recommended to the students In most of 
the mining schools of that country."— TA« Timei. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth, 
With nearly 300 Illustrations. Price 7s. 6d. net. 

THE ELEMENTS OF MIHING AND QUARRYINC 

An Introduotory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc. F.RS., 

Late Professor of Mining at the Royal College of Science. 
Revised by Prof. S. H. Cox, A.R.S.M., &c 

General Contents. — Introduction. — Occurrence of Minerals. — Pro- 
specting.— Boring.— Breaking Ground.— Supporting Excavations. —Exploita- 
tion. — Haulage or Transport — Hoisting or Winding.— Drainage. — Ventilation. 
—Lighting. — Descent and Ascent — ^Dressing, &c — Index. 

** A remarkably clear survey of the whole field of mining operations."— ifn^n««r. 

*' Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as- 
thls book deserves. . . . The profession generally have every reason to be grateful to 
Sir 0. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book."— Jftmt^ Journal. 



In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Authors of the Nature, Significance, and Practicat 

Utethods of Measurement of the Impurities met with in the 

Air of Collieries and Metalliferous Mines. 

edited by 

Sir clement LE NEVE FOSTER, D.Sc, F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus.*'— CtfiZ£r^ Guardian. 

LONDON : CHARLES GRIFFIN A CO.. LIMITED, EXETER STREET, STRAND- 
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WORKS ON COAL«miNINQ. 

Fifth Edition, Reviaed and Greatly Enlarged. With 4 Plates and 
690 lUostrations. Price 248. net 

A TEXT-BOOK OF COAL-MINING: 

FOR THE USE OF COLUERY MANAGERS AMD OTHERS 
ENQAQED IN COAL-MIMING. 

By HERBERT WILLIAM HUGHES, F.G.S., 

Aiaoo. Royal School of Mines, Q«neral Maiiftger of Saodwell Park Colliery. 

General Contents.— Geology.— Search for Coal.— Breaking Ground.— 
-Sinking. — Prediminary Operations. — Methods of Working. — Haulage. — 
Winding. — Pumping. —Ventilation . — Lighting. —Works at Surface. — Pre- 
paration of Coal for Market.— Index. 

"Quite TBI Bin BOOK of Its kind ... as psactical in aim as a book cmi be . . . The 
■{lliistr»tioii8 are bxciluiit."— ^dhmovm. 
" We cordially reeommend the work."— Colliery Ouardian. 
" Will soon come to be regarded as the stamdabd wokk of its k\nd." -BirmiHgham Daily Oiuette, 



PouBTH Edition, Thoroughly Reyised and Greatly Enlarged. Re-set 
throughout. Large 3rown 8yo. Handsome Cloth. 128. 6d. 

PRACTICAL COAL-MINING! 

A BCANUAL FOR MANAGISRS, UNDSR-MANAGERS, 
OOLLUCRY BNGINBERS, AMD OTHERS. 

Viih Worhed-out Problema on Haulage^ Pumping, VentUcUion, dsc. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents.- The Sources and Nature of Coal.— The Search for Coal.— 
■Sinking. — Explosives.— Mechanical Wedfi^. — Rock Drills and Coal-cuttins 
Machines. — Coal-cutting by Machinery.— transmission of Power. — Modes of 
Working.— Timbers.— Roadways.— Winding CoaL— Haulage.- 1\imping.— 
Ventilation.- Safety Lamps.- Surface Arrangements, Surveying, Levelling, 
■to. 

"An BSSBiinALLT PSAOViOAL woBK, and can be c<mfidently recommended. No department 
of Coal-Mining has been orerlooked.'— £!n(7<neer«' Gamatt. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. 
With 200 Illustrations. 3s. 6d. 

ELEMENTARY COAL-MINING: 

FOR THE USE OF STT7DENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents. — Sources and Nature of Coal. — E!zploration and Boring for 
'Coal.— Breaking Ground. — Explosives, Blasting, &c. — Sinking and Fittins 
•of Shafts.- Modes of Working. —Timbering Roadways.— Winding and 
Drawing. — Haulage.— Pumping and Drainage. — Ventilation. — Cleaning and 
:Sorting CoaL — Survejring, &c. 

" An abandance of information eonreyed in a popular and attraetlre form. . . . Will be 
••f great use to all who are in any way interested in coal mining."— Sool«<4 OriUo, 

LONDOM: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRANV 
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Fourteenth Edition, Revised. With Nomeroos Diagnunt. 
Qoth, 7S. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the iim of Managen of Mineo and Colliorieo, StudenU 
at the Royal iohool of Hfines, do. 

By BENNETT H. B ROUGH. Assoc.R.SM., F.G.S. 
Revised by L. H. COOKE. 

Instructor of Mine-Sunreyiiig, Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
Dial.— Variation of the Magnetic Needle.— Surveying with the Magnetic Needle 
in the Presence of Iron.— Surveyinsf with the Fixed Needle.— The German Dial.— 
The Theodolite. — Traversing Under^ound.— Surface Surveys with the Theodo- 
lite. —Plotting the Survey. — Calculation of Areas.— Levelling.— Connection of the 
Underground and Surface Stirveys. —Measuring Distances bjr Telescope.— Setting- 
cut. — Mine-Surveying Problems. — Mine Plans. — Application of the Magnetic 
Needle in Mining.— Photographic Surve3rs.— Appendices. —Index. 

" Its CLBARMBSS ofSTVL^ LUCIDrrV of DBSCRIPTION. and FULNBSS of OBTAIL hSTe loiur ago WOa 
(or It a place unique in the literature o( this branch of miniiuf engineering, and the present edition fuUji 
maintains the high standard of its predecessors. To the student, and to the mining engineer alike, ITS 
VALUR is inestimable. The Ulustratloos are excellent."— rA« MMtm S^tumal, 



In Crown 8vo. Handsome Cloth. Fully Illastrated. Gs. net. 
A HANDBOOK ON 

THEODOLITE SURVEYING AND LEYELLIN6. 

For the use of Students in Land and Mine Surveying, 

By Professor JAMES PARK, F.G.S. 

Ck>NTXNTS. — ^Tbe Scope and Object of SnrTeving. — Land Snrveying.— 
The Theodolite.— Chains and Steel Bands.— Obstacles' to Allignment.— 
Meridian and Bearings. — ^The Theodolite Trayerse. — Co-ordinates of » 
Station. — Calculation of Omitted or Connecting Line in a Traverse. — 
Calculation of Areas. — Subdirision of Land. — Triangnlation. — Determina- 
tion of Tme Meridian, Latitude and Time.— Levelling. — Railway Curves. 
— Mine Surveying. — Surveying Boreholes. — Index. 

"A book which should prove as useful to the professional surveyor as to the 
stuient."-— i^Tafiirc. 

Second Edition, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s. 

MINING GEOLOGY. 

A TSXT-BOOE FOR MININa STUDENTS AND MINEBS. 

By prof. JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 
^ Thames School of Mines, and Geological Surveyor and Mining Geologist to the 

Government or New Zealand 
GiNSRAL CoNTBMZS.— Introduction. -Classification of Mineral Deposits.— Ore Veins, 
their Filling. Age, and Stmcture.— The Dynamics of Lodes and Beds.— Ore Deposits- 
Genetically Considered— Ores and Minerals Considered Economically.— Mine Sampling 
and Ore Valuation.— The Examination and Valuation of Mines.— Indbx. 

" A worlE which should find a place in the library of every mining engineer. "— 
Mining World, 

UNOON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, STRAND. 
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WORKS FOR MINERS AND STUDENTS. 



Third Edition. In Crown %vo. Handsome Cloth. With 30 New 
lUwUreUions, la, Qd. net, 

ELECTRICAL PRACTICE IN COLLIERIES. 

Bt Peof. D. burns, M.E., M.Inst.M.E., 

Profeasor of Minlog &nd Geology to the Glasgow and West of Sootland TMhniod Oollege. 

Units of Measorement, Conductors, kc, — ^The Theory of the Dynamo.— The 
Dynamo, Details of Construction and Working.— Motors.— Lighting Installa- 
tiona in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Cutting. — i^Qsoellaneous Appfioations of Electricity in Mines. — Coal Mines 
Regulation Act (Electricity).— Index. 

"A dear and oonoise introduction to electrical practice in collieries. "—Jfim'fif 
Jcumai. 

In Crown 8vo, Handsome Cloth. 8s. 6d. net. 

MINING LAW OF THE BRITISH EMPIRE. 

By CHARLES J. ALFORD, F.G.S., M.In8t.M.M. 

Contents.— The Principles of Mining Law.— The Mining Law of Great 
Britain.— British India.— Ceylon.— Burma.— The IVIalay Peninsula.- British 
North Borneo. — E!gypt. — Cyprus. — The Dominion of Canada. — British 
Guiana.— The Gold Coast Colony and AshantL- Cape of Good Hope.— 
NataL — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia.— New Zealand, &c.— Index. 

'* Cannot fail to be useful ... we cordially recommend the book.**— Jf<m*n^ World. 



Fifth Impression. In Large 8vo. Prtce lOa, 6d, 

MINE ACCOUNTS AND MINING BOOK-KEEPING. 

Fop Students, ManagreFS, Seeretapies, and others. 
With Examples taken from Actual Practice of Leading Companies, 

Br JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.O.S., 
Head of the Mining Department, Camborne School of Mines. 
Editbd by Sir C. LE NEVE FOSTER, D.Sa, F.R.S. 
'* It neemi ncpoMiBLS to saffKaat how Mr. Lawv*i book could bo made mote ooMFixim or 
otAm VALUABLK, careftil, and exh»nnt\Te.*'—AceouHtafUs* Mogatimt. 



Third Edition. In Pocket Size, Strongly Bound in Leather, 3i. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' CUIDE TO MININC REPORTS. 

By EDWIN R. FIELD, M.Inst. M.M. 
With Notes on the Valuation of Property, and Tabulating Reports, 

Useful Tables, and Examples of Calculations, Ac. 
" An ADMHtABLT oompUod book which Mining Bnglneen and Mansgers will find 
■ZTEmaa.T TSmMm*."— Mining Journal. 



In Crown Svo. Handsome Cloth. Illustrated. lOs. 6d. net. 
A DICTIONART OP 

SPANISH-ENGLISH AND SPANISH-MERICAN HNING, 

METALLURGICAL, AND ALLIED TERMS. 

To wMeh some Portuguete and Portugueae-AmeHotui [Brazttlan) Termt an added. 
By EDWARD HALSE, A.R.S.M., 
Mem. Inat Ming, and Metall., of the Bng. Inst, of Ming, and MaUll. Eagn.. Ac, &a. 
" Will be found of the greatert •crrlce to the mining profeirion."— Jfia<wg JommtU. 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER STREET. STRAND, 
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In Medium 8vo, Handsome Cloth. With 18 Figures in the Text, 
and 19 Folding Plates. lOs. 6d. net. 

SHAFT-SINKING IN DIFFICDLT CASES. 

By J. RIEMER, 
Teakslatbd by J. W. BROUGH, A,M.In8T.C.E. 

Contents.— Shaft Sinking by Hand.— Shaft Sinking by Boring. —The 
Freezing Method. — The Sinlung Drum Process.— Bibliography. -—Indbx. 

"The translator deserres the thanks of the mining oommanity for placing this 
'▼aloable work before them. . . . The work is one which every mining engineer 
should include in his library.**— if inuif/ World, 



Bbcond Edition, Reyised. In Large Syo, with Numerous Illustrations 
and Folding PkOies. lOs. 6d. 

BLASTING : AND TBE USE OF EXPLOSIYES. 

By OSOAR GUTTMANN, MJnst.O.K, F.I.C, P.C.S. 

Contbnts. — Historioal Sketch. — Blasting Materials. — Qualities and 
Handling of Explosives. — The Choice of Blading Materials. — Preparation 
of Blasts. — Cluunber Mines. — Char|^g of Boreholes. — Determination of 
Charge. — ^Blasting in Boreholes.— Firing. — Results of Working. — Various 
Blastmg Operations. — Index. 

" Should Drove a tHuU-m^cnm to Biining Engineers and all engaged In practical work." 
^IroH mmd Coal Tradex Rtviem. 



In Medium 8vo, Cloth. With noany Illustrations in the Text 
Four Full Page Plates and Four Folding Tables. 68. net. 

NEW METHODS OF 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Tbanslatbd and Edited by ALEX. LARSEN, M.Inst. C.E. 

Contents. — Introduotory. — HistorioaL — Testing Stations. — Power 

-Gauges. — Produoto of Combustion. — Rate of Detonation. — Length and 

Duration of Flame. — After-Flame Ratio. — Transmission of Explosion.— 

<)<molusioD8. — Bffioienoy. 

"Its pages bristle with suggestions and actual experimental results to an extent 
•seldom found in a rolume of flre times its slse."— ^mw wnd SoBploHvet. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 
A MANUAL ON 

ELECTRICAL SIGNALLING IN MINES. 

By GERALD J. HOOGHWINKEL, M.Inst.KE., M.LMin.E. 
Co]VTBHT8.-^xoiion I.— Electric Haulage Signals-<a) Acoustic Signals.^6) Optical 
Skoals.— (e) Acoustic Optical Signals.— Current Supply'— Batteries.— Accumulators.— 
Main Supply.— Design and Construction of Signallmg Installations.— Maintenance of 
Signalling Installations. Sbotion II.— Electric Shaft Signals— <a) Acoustic Signals.— (6) 
Electro-Mechanical Signals.— (c) Optical Acoustic Signals.— Signals for Winding Minerals. 
—For Winding Men.— Signalling from the Cage. — Emergency Signals.— fiells.— Mine 
Telegnqths.— Mine Telephones. Sbotiom III.--Special Applications in Mines. 

CONDON: CHARLES fiRIFFIN A CO.. LIMITED. EXETER STREET. STRANa ' 
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Second Editiok, Htinml Throughuut, In Medium Svo. With 
Numerous Plates^ Maps^ and Hluatrations. 21«. net, 

GYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process; its Application,. 

Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Mining &nd MeUUorgloal Bnglneer : SMoiallit In GoM : Late Technical AdvlMr of the 
Detitache Gold and Sllber Scheide Anstalt» Frankfort-on-Malne. 

And EDGAR SMART, A.M.I.O.E., 

OlTll and MetaUnrglcal Engineer. 

"A handsome Tolume of iOOjpages which will be a valuable book of reference for all 
aaaodated with the process."— if tnin^ JoUrruU, 

"The authors are to be congratulated upon tiie production of what should prove to be 
a standard work."— Piv**' Magazine. 

In Large Crown Svo, With 13 PUUes and many lUueiraHone in the Text, 
Handsome Cloth. Is. 6(2. net. 

THE CYANIDE PROCESS OF COLD EXTRACTION. 

A Text-Book for the Use of MetaHurg/ata and Students at 
Schools of Mines, do. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Minine and Director of the Otago Untversity School of Mines ; late' Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist 
^ to the Government of New SSealand. 
PouRTii English Edition. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siemens-Hslske and other 
reoent processes. 
" Deserves to be ranked as amongst the bbst or jaasnnQTRMATJBm"— Mining Joumai. 



Third Edition, Revised. With Plates and Illustrations. Cloth, 3«. M. 

GETTING GOLDS 

A OOLD-MININO HANDBOOK FOR PRACTICAL MEN. 

By J. 0. F. JOHNSON, F.G.S., A.LM.E., 

Life Member Aostralasian Mine-Managers* Assodatloa 
Gemkral Oontbnts.— Introdnotory : Prospecting (AUaviil and GenenJ)— 
Lode or Reef ProBpectin£[ — Gknesblogy of Gold — Anrif eroos Lodes— Drifts- 
Gold Extraction — Lixiviation — Calcination — Motor Power and its Transmissici^ 
Company Formation — Mining Appliances and Methods — Australasian^ 
Mining R^^ilAtions. 

" Praotigal from be^nning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold."— Brit AustnUasuin. 



In Crown Svo. Illustrated. Fancy Cloth Boards. 4«. dd. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for Intendingr Explorers, Prospectors. 

and Settlers. 

By THEO KASSNER, 

Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of South Africa. 

" As fascinating as anythlnic ever penned by Jnles Veme."—ii/Wca» Qpmmsrcc 

lUONDON : CHARLES GRIFRN A CO.. LIMITED. EXETER STREET. STRANP 
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GRITFIN^S ''NEW LAND'' SEBIES, 

FraeUeal Hand-Books for the U$e qf Prospeetors^ Escploreri, 
SeUlerSy Colonials, and all Interested in the opening 

up and Development of New Lands. 

Bditijd by GRENVILLE A. J. COLE, M.R.LA., F.G.S., 

Professor of Oology in the Royal College of Science for Ireland, and Examiner in 

the University of London. 



In Grown Svo, Handsome Cloth, 5s, 
With Numetow Maps Specially Draton and ExectUed for this Work, 

NEW LANDS: 

THEIB BE80IJBCES AND PBOSPECTIVB 
ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.RS.E., 

**A want admirahly supplied. . . . Has the advantage of being written by a pro> 
etsed Geographer."— flKco^opAieo/ Journal, 



With many Engravings and Photographs. Handsome Cloth, 4b. 6d. 

1^0 OD SUPPLY. 

Bt ROBERT BRUOE, 

Agrieoltaral Baperintendent to the Royal DabUn Sodetr. 

With Appendix on Presenred Foods by C. A^ Mitchell, B.A., F.LC. 

" The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true principles ot 
farming in all its brahohmb."— Journal qf the Royal Colonial Inst, 



FiTTH Edition. With Illustrations, Handsome Cloth, 6s, 

PROSPECTING FOR MINERALS. 

A Praotioat Handbook for Proapeotora, Explorers, Settlers, and all 
intereated in the Opening up and Development of New Landa, 

By S. HERBERT COX, Assoc.R.S.M., M.In8t.M.M., F.G.S., 
Profeesor of Mining at the Royal School of Mines. 

Gkneral Contents. — Introduction and Hints on G«ology— The Detennina- 
tion of Minerals : Use of the Blow-nipe, &c. — Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Bora]^ Marbles, Ldtho- 
Smphio Stone, Quartz and Opal^ kc, , &c — Precious Stones and Gems — Stratified 
eposits: Coal and Ores— Mmeral Veins and Lodes— Irregular Deposits— 
Dvnamics of Lodes: Faults, dec. — Alluvial Deposits — Noble Metals: Gold, 
Platinum, Silver, &a— Lead — Mercury — Copper— Tin— Zinc— Itoti — Nickel, 
Ac — Sulfur, Antimony, Arsenic, &c.— Combustible Minerals— Petroleum- 
General Hints on Prospecting— Glossary— Index. 

'* This ADIORABLE LITTLB WORK . . . written with 80001X1110 AOOUEAOT In a 

OLiAB and Luom style. ... An important addition to technical literature . . . 
—Min^ JowmaL 

lONDON: CHAWiS eRIFFIN A CO.. LIMITED. EXETER STREET. STRAHIK 

3 



46 CHARLBS GRIFFIN d, 00:8 PUBLICATIONS, 

Demy Svo, Handsome eloih, 34^. 

StratigrapMcal Geology & Paleontology, 

OJf THE BASIS OF PHILLIPS. 
By ROBERT ETHERIDGE, F.R.S, 

OP THB MATinLAX. HIST. OBTAHTMBNT, BKXTISH MUSBUM, LATB PAUBONTOLOGIST TO THB 

GBOLOGICAE. SUKVBY OF GKBAT BRITAIN. PAST FRBSIOBHT OP THB 

GBOLOaCAX. 90CIBTY, BTC. 

tnutb AaPf ftumetoua tTablcs, ano Trbirtv«0ti plated. 

'* No todi oompendtum of geological knowlodse has evor been fatouglit togedier baion.**— 
$l^€tm$imUr RevUw. 

" If Pbop. Skblbv'stoIuiim was remarkable for its originality and the fateadtfa of its iriews, 
Ifr. Kthbudob fulhr justifies the assertion made in his pr«AMe that his book difhn in oamr 
stniction and detail from any known manual. . . . Must take mca kamk amomo t 
OP kcpskbncb.''~^<Amhpmm(. 



Sixth Edition, Thoroughly Revised. With Frontispieoe and 
lUustrauoDS. Cloth. los. 6d. 

AIDS IN 

PRACTICAL GEO LOG Yb 

WITH A SECTION ON PALMONTOLOGY, 

By professor GRENVILLE COLE, MKI.A., F.G.S. 

aSNXRAL OONTENT&— 
PART L— Sampuno of the Earth's Crust. 
PART II.— Examination op Minbsals. 
PART IIL— Examination op Rocks. 
PART IV.— Examination op Fossils. 
" Dbsbsviiig op THB MiGUSST PKAisB. Here indeed are 'Aids' inmumbbablb and 
mvALUABLB. All the directions are given with the utmost deaneas and precision.''— 

"That the work deserves its title, that it is full of 'Aids/ and in the highest degree 
PBAcncAL,' will be the verdict of all who use it"— iVi»/«»». 



OPEN-JLIR BrrUDIEB INT OEOZ^OOYs 

An Introduction to Qeolosy Out-of-doors. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 71. 



In Crown %vo. Handsome Cloth, 2s. 6d, 
RESEARCHES ON THE PAST AND PRESENT HISTORY 

OF 

THE EARTH'S ATMOSPHERE. 

including the iateat Diaooueriea and their Practical Appiications. 

By dr. THOMAS LAMB PHIPSON. 

Part I. — The Earth's Atmosphere in Remote Geological Periods. 
Part H. — The Atmosphere of our present period. Appendices; Index. 

•' The book should prove of interest to general readers, as well as to meteorologists and 
other students of science."— A'la/^r^. 

lONDON: CHARLES BRIFFIN 4 CO., UMiTEO. EXETER STREET. STRAlia 
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STANDARD WORKS OF REFERENCE 

FOR 

Metallurgists, Mine-Owners, Assayers, Manufttetorers, 

and all interested in the development of 

the Metallurgical Industries. 

BDITBD BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

In L*ff9 8cw, HmndMtm Chik. With lUutirmiimi. 



INTBODIJOTIOir to the STXTDY of MBTAIiLnBOY. 

By the Editor. Sixth Edition. (See p. 48.) 

GOLD (The Metallurgy of). By Thos. Kirks Ross, 
D.Sa, Assoc R.S.M., F.C.S., Chemist and Assayer of the Royml 
Mint. Fifth Edition. 21s. (Seep. 48.) 

IiBAD (The Metallurgy of). By H. F. Collins, Assoc. 
R.S.M., M.Inst.M.M. Second Edition. (See p. 49.) 

SIIiVBB (The MetaUnrgy of). By H. F. Collins, A.R.S.M., 
M.Inst.M.M. Second Edition. (See p. 49.) 

IB OH (The MetaUnrgy of). By T. Turner, A.R.S.M., 
F.I.C, F.CS. Third Edition, Revised. 16e. net. (See p. 50.) 

STEEIi (The Metallurgy of). By F. W. Harbord, 

Assoc R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 25s. net. (See 
p. 50.) 

AXiIiOYS. By Edward F. LaW, Assoc. R.S.M. With Frontis- 
piece in Colours, and Fine Series of Micro-photographs. 12s. 6d. net, 
(See p. 49). 

ATTTIMOTTY. By C. Y. Wang, M.A., B.Sc. Fully Illustrated. 
1 28. 6d. net. (See p. 50). 



l^iU bt PubHsktd at Short Inttrval*. 

METAIiIiirBGICAL MACHINEBY : the Application of 
Engineering to Metallurgical Problems. By Henry Charles Jenkins, 
Wh.Sc, Assoc R.S.M. 

COPPER (The Metallurgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

*»* Other Volumes in Preparation. 

lONDON: CHARLES GRIFFIN A CO.. LIMinO, EXETER STREET. STRAND. 
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OBIFVIV'S MBTAIiIinBOIOAIi SBBIBS. 



Sixth Edition, thoroughly Revised and considerably Enlarged. Large 

8to, with numerous Illustrations and Micro-Photographic 

Plates of different varietiea of SteeL 

An Introduetion to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M.^ 

Late Chemist and Assayer of the Royal Mint, and Profeumr of Metallurgy 
in the Royal College d* Science. 

Revised throughout by F. \V. HARBORD, A.R.S.M., F.LC. 

Gbmbkal Contbnts.— The Relauon of Metallurgy to Chemistry.— Physical Fropertias- 
of Metals.— Allo^ The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
—Materials and Producu of Metallurgical Processes.— Furnaces.— Means of Supj^ying Air 
to Funiaces.—Thermo-Chemistry.— Typical Metallurgical Processes,— The Micro-Structure 
of Metals and Alloys.— Economic Considerations. 

*' No English text-book at all approaches this in the complbtbnbss with 
which the most modem views on the subject are dealt with. Profiessor Austen's- 
volmne will be invaluablb, not only to tHe student, but also to those whose 
knowledge of the art is far advanced." — Chemical News, 



Fifth Edition, Revised, Considerably Enlarged, and in part Re-written.. 
With Frontispiece and numerous Dluitrationi. 218. 

THE METALLURGY OF GOLD. 

BT 

T. KIBKE ROSE, RScLond., Assoc.R.S.M., 

Chemist and Antvytr of iht Bayal MmL 

Obnsral Contents.- The Properties of Qold and its Alloys.— Chemistry of the- 
Compounds of Oold.— Mode of Occurrence and Distribution of Gold.- Shallow Placer 
DepoettB.— Deep Placer DepoBits.— Quarts Cnishinff in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery.— Other Forms of Cmshing and Amalgamating Bfaohinery. 
-Concentration in Gold Mills.— Dry CrushiDg.— Re-grinding.— Roasting.-Chlorlnatton : 
The Plattner Process, The Barrel Process, The Vat-Solution Process.- The Cyanide 
Process.— Chemistry of the Cyanide Process.- Refining and Parting of Oold Bollion. 
— Alssay of Gold Ores.— Assay of Gold Bullion.- Statistics of Gold Production.— Biblio- 
Taphy.— INDKX. 

" A ooimutHSifsivB PEAOTiOAL TKKATisB on thls Important sabjeot."— 2%< Ti$M$. 

'*Tbe MOST ooMPLBTB description of the cblobivatiow pbocbh wtiioh has yet bean pab- 
llriied.**-iftfii^ Journal 

*' Adapted for all who are interested in the Qold Mining Industry, being free from tech- 
nlcaUties as far as possible, but is more partieolarly of Talue to those engaged in th» 
taidastry.**— Omis Tkna. 

UWON: GHARLE8 GRIFFIN * CO., LIMITED. EXETER STREET. STRANa 
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OBiraiN'S MBTAIiLimOIOAIi SBBIBB. 

Edited by SIR W. ROBERTSAUSTBN, K.C.B., F.R.S., D.C.L. 
In Large 8vo, Handsome Cloth, With lUustrcUioru. 



Second Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

By H. F. COLLINS, A88oaR.S.M., M.In8T.M.M. 

A Comi>lete and Exhaustive Treatise on the Manufisusture of Lead, 
^th Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. 

«A THORonoHLT SOUND and useful digest. May with bvsrt oorfidsnox be 
Tecommended."— Jfinifi^ Journal. 



Second Edition^ Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF SILVER. 

By H. F. COLLINS, Assoc.RS.M., M.Inst.M.M. 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, Ac. 

** The author has focuased a labom axouht of valuabls nrfORiUTiOH Into a 
-eonveniaDt fom. . . . The author has evidentlv considerable praotioal ezperisoee, 
«nd daseribea the varioua proceaaea dearly and w^llr—Mining Journal, 



JvsT Published. Frontispiece in Colours, and Beautiful Series of 
Photo-miorographs. 12s. 6d. net. 

JL Xj Xj O ITS 

AND THBIB INDIJSTBIAL APFIiICATIONS. 
By EDWARD F. LAW, A.KS.M. 

CoNTBNTS. — IntroductioD. — Propertiea of Alloys. — Methods of Inveatigation. — 
<;oustitation.— Influenoe of Temperature on Properties.— Corrosion of AlloTS.— Copper 
AUoySf Braas, Bronaes.— Spedal Brassea and Bronzes.— German Silver and Misoellaneoiis 
-Copper Alloys.— White Metal Alloys.— Anti-Friction Alloys.— Aluminium Alloys.— 
Silver and Gold Alloys.— Iron Alloys.— MLscellaneons Alloys (Amalgams, Ac).— Indix. 

"CoDdse and practical ... a valnable amount of information that will be 
Appreciated by student and manufacturer hWkc."— Foundry Trades' Jotirnal. 

LONDON: CHARLES ORIFFIN « CO., UNITED. EXETER STREET, STRANa 
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Third Edition, Revised. With Numerous Illustrations. Large 8vo. 
Handsome Cloth. 258. net. 

With Additional Chapter on The Eleotrio Smelting of Steel. 

THE HETALLURGT OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C. 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 
THE MECHANICAL TREATMENT OF STEEL. 

By J. W. HALL, A.M.Inst. C.E. 

ABaii>«BD COMTSMT&— The Plant, Maohinerr, Methods and Ohemiatnr of the B eeee m er 
and of the Open Hearth Prooessea (Add and BasiO).— The Meohanioal Treatment of Steel 
eomprlainf Mill Practice, Plant and Machinery. — The Influence of Metalloids, Heat 
Treatment. Special Steels, MicroBtraotnre. Testing, and Specifications. 

The Engineer iays, at the conclaiion of a reriew of this book :— " We cannot conclude without 
•anMSttar reoonunending all who may be interested as makers or nsen of steel; which practieally 
means the whole of the engineering profession, to make themselves acquainted with it as s peedily 
as possible, and this may be the more easily done as the published price, considering the else 
of the book, ii extremely moderate." 

Third Edition, Revised and Enlarged. With many new Plates. 

168. net. 

THE METALLURGT OF IRON. 

Bt THOMAS TURNER, Assoc.RS.M., F.I.C., 

FrofeM»or of Metallurgy in the UnwenUy of Birmingham, 
Om er a l OontenU.—E»r\y Hiatory of Iron.— Modem History of Iron.— The A«e of Steel. 
—Ohief Iron Orea.— Preparation of Iron Ores.— The Blaat Furnace.— The Air used Ib the 
Blast Furnace. — Beaotions of the Blaat Furnace.— The Qaseons Products of the Blast 
Furnace— The Fuel used in the Blaet Fumacc—Sla^ and Fuxes of Iron Smelting.-. 
Properties of Oast Iron. — Foundry Practice. — Wrought Iron. —Indirect Production of 
Wrought Iron.— The Puddling Procese.— Further Treatment of Wrought Iron. •> Corrosion 
of Iron and Steel. 

*'A THOBOUOHLT usBFUL BOOK, which briDf^ the snbject up to datx. Of 
omsAT TALiTK to thoss sogaged in the iron industry.*' — Mining Journal. 



*♦* For Professor Turner's Lectures on Iron- Founding^ see page 53. 



Just Published. In Large 8vo. Handsome Cloth. Fnlly Illustrated. 

128. 6d. net. 

JL N^ T I liflT O N Y : 

Its History, Chemiatrf, Mineralogy, Qeology, Metallurgy, Usee and 

Preparation, Analysis, Production and Valuation. 

By C. Y. WANG, M.A., B.Sc., 

Mem. Am. Inst. Mining Eng. ; Mem. Iron and Steel Institute ; Mining Engineer to 

the Chung Lou (General Mining Company; Geologist for the 

Hunan Province, China, <lkc., Ac. 

" A book which stands alone, inasmuch as there is not, to onr knowledge, any other 

complete treatise on antimony among all the Bnglisli text-books."— /ron and CotU 

Trft deg* Revi ew. 

LONDON: CHARLES ORIFFIN A CO., LIMITED. EXETER STREET. STRAIU, 
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Tenth Edition. With Tables mod lUustrations. Cloth, los. 6d. 

A TEXT-BOOK OF ASSAYING: 

For the use of Students, Mine Managers, Aaaayera, do. 
By J. J. BERINGER, F.I.C.. F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, CcnmwaU. 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 
Gbnbral Contbnts. — Part I. — Introductory ; Manipuuition : SamiJing ; 
Drying ; Calculation oi Results— laboratory-books and Reports. Mbthods : Dry GimTi- 
metric; Wet Gravimetric— Vdiimetric Assays: Utrpmetnc, Colorimetric, Gasometri^— 



Weighing and Measuring— Reagent»~FonnulsB, Equations, &c— Specific Gravity. 

Part II. — Mbtals : Detection and Assay of Silver, Gold, Platinum, Merciury. Copper, 
Lead, Thallium, Bismuth. Antimony, Iron, Nickel, Cobalt, Zinc, Cadmitun, Hn, Tungsten, 



'Htanium, Manganese, Chromium, &c— Earths, AUcalies. 

Part III.— Non-Mbtals : Oxygen and Oxides: The Haloeens— Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen— Silicon, Carbon. Boron— useful Tables. 

*' A RBAU.y MBRiTORious WORK, that may be safely depended upon either for sirstematic 
instruction or for reference." — Naturt. 

In Crown 8vo. Handsome Cloth. Fully Illustrated. .Ss. net. 
AN INTRODUCTION TO 

PRACTICAL METALLURGY. 

By prof. THOMAS TURNER, A.R.S.M., F.I.C. 

"It is an excellent and handy book for its purpose, and will have a far wider range 
of usefulness than for class work alone."— /*rac<icai Enginetr. 



Fourth Edition, Revised. With Aumerow JUiMtrcUions, 6$. 
A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Inoluding the Author's PRAcmoAL Laboratobt Coitbss. 
By a. HUMBOLDT SEXTON, F.I.C, F.O.S. 

" Just the kind of woric for Students commsncing the study of Metallurgy, or for Ekgirbbbivo. 
Stndentn."— Practical Engineer. 



Large 8vo. Cloth. With UlostrationB. 128. 6d. net. 

METALLURGICAL ANALYSIS & ASSAYING : 

A THREE YEARS' COURSE FOR STUDENTS OF SCHOOLS OF MINESi 

By W. a. MACLEOD, B.A., B.Sc, And CHAS. WALKER, F.C.S. 

"The publication of this volume tends to prove that the teaching of metallorKical 
analysis and assaying in Australia rests in competent hands."— iV'a^ure. 



Third Edition. Witli Folding Plates and Manv Illustrations. 368. 

ELEMENTS OF METALLURGY. 

A Practioal Trgattte on the Art of Extracting Metals from their Ores. 

By J. ARTHUR PHILLIPS, M.Inst.C.E., F.G.S., Ac, And 

H. BAUERMAN, V.P.G.S. 

lOMDOH: CHARLES GRIFFIN d GO., LIMITED. EXETER STREET. STRAWL 
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In Crown 8vo. Handsome cloth. With 102 Illustrations. 68. net. 
A HANDBOOK ON 

3IL1S^^ ILTaTaXG ArilLiOYS: 

Their Structure and Constitution. 
By gilbert H. GULLIVER, B.Sc, F.R.S.E. 

*• A valuable addition to existing literature on alloyn."— Foiimfn/ Tradet' Jottrnal. 



In Crown 8vo. Beautifully Illustrated with nearly 100 
Microphotographs ot Steel, &c. Ts. 6d. net. 

Microscopic Analysis of Metals. 

By FLORIS OSMOND k J. E. STEAD, F.R.a, F.LC. 

' There has been no work previoiuly pubUstied in Bnglista calculated to be so naeful tc 
1 metallographic research."— fron and Steel Tradsg' Journal. 



the student in i 



In Large 8vo. Handsome Cloth. Price 4b. 

QUANTITATIVE METALLURGICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRINCIPLE OF '^QROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.C.I. 

**The Aatbor may be oohoratulatkd on the way his work has been carried oat**— 
Th4 Engineer. 

Third Edition, Revised, Enlarged, and Re-written. 
A TRBATISB ON 

ELECTRO -METALLURGY: 

Embraoing the Application of Electrolysis to the Plating, Depositing, 

Smelting, and Refining of yariout Metals, and to tiie Repro- 

dnotion of Print^ig 8urfiu)es and Art- Work, ko. 

By W. G. MCMILLAN, F.I.C., and W. R. COOPER. 

"BxoeUent, . . . one of the BEST and most ooxplbte manuals hitherto published 
on Blectro-MetaUurgy."— J920etrioaZ Review (on the Second Edition). 



Sboond Edition, Thoroughly lievised and Enlarged, in large 8vo. 
With Numerous Illustrations and Three Folding- Plates. 2l8. net 

ELEGTEIG SIELTIM & £EEI]$ri]$r&: 

A Practical Manual of the Extraction and Treatnnent 

of Metals by Electrical Methods. 

Being the ** Elkktro-Mbtau^ubgib '* of Db. W. BORCHBRS. 

Translated from the Latest German Edition by WALTER G. MCMILLAN, 

F.i.c. P.c.s. 

" 00MPBBHSII8ITB and ADTHOBnATIVB ... not Only VUU of TALUABU IBtOB- 

KAnoB, but giTes eridenoe of a thorouqh ihsioht into the tedmical talub and 
roflBIBILinBB of all the methods dlscossed."— TAe nUdrieiun. 
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In Medium 8vo, Handsome Cloth. FuUy JUustrated, 15s. net, 

GENERAL FOUNDRY PRACTICE: 

A PraoticcU Handbook for front Steel and Brass Founders, 
Metallurgists, and Students of Metallurgy, 

By A. M^WILUAM, A.R.S.M., and PERCY LONGMUIR. 

" The student of foundry work . . . needa no other text-book. . . . The book 
contain! a tremendous amount of information, and is well v.'ri{ten." --Engineering Timet. 



Second Edition. JUxtra Grovon 8vo. With niany lUugtrationtt, 
38. dd, net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.S.M., F.I.C., 

Professor of Metallurgy in the University of Birmingham. 

Contents.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro- 
duction.— Iron Ores.— Composition.— The Blast Furnace.— Matarial8. — &eao^iona.— 
Grading Pig Iron. — Carbon. Silicon, Sulphur, Pfaosi^rus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium. —The Foundry.— General Arrangement.- Re-meltlnc 
Cast Iron. — llie Cupola. — Fuel Used. — Changes due to Re-melting.- Moulds and 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature.— Common Troubles.— 
Influence of Shape and Size on Strength of Castings.— Tests. 

"Ironfounders will And much Information in the hook."— Iron Trude Circular 
Ryland'g). 

In Crown 8vo. Handsome Cloth, is. 6d. net. 

BLAST FURNACE PRACTICE. 

By J. JAMES MORGAN, F.C.S.. M.S.C.I., 
Author of "Quantitative Metallurgical Tables," Ac. 

CONTKNTS.— Re<iuirement8.— Iron Ores. - Fuel. - Flux. SIsks.- Quantity ot Slag.— 
Burden, Charge, Bound.— The Blast.— Ore Mixing.— Amount and CompositicHi of the 
Iron.— Calculation of Flux.— Heating the Blast; Stoves— Drying, Changing, and 
Cleaning.— Drying the Furnace.— Filling the Furnace, and Lighting.— Chuging the 
Furnace.- Desoentof the Chanre.— Flushing.- Tapping.— Hard Tapping Hole.- Running 
down the Beds (CastingX— Judging the Temperature.— Controllimr the Temperature.— 
Temperature and the Reduction of Silicon.— The Pig Iron.— Fuel Consumption.— 
Economy hi Fuel Consumption.— Tuyeres : Leaky, ChMiging.— Cooler or "Jumbo."— 
Obstructions —Pillaring.— Breakouts.— Hot Spots.— Scaffolds (Hanging).— Slips.— Damp- 
ing Down.—Blowing Out— Index. 



SIOOND EDinoy, Jievised. In Lofntt Orow** 800, With Numerous 
lUustratians. 7h, 6d. uH, 

THE ART OF THE GOLDSMITH AKD JEWELLER. 

A Manual on the Manipulation of Gold and the 
Manufacture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaiter of Um Jewellers and Silversmiths' Assoc. Tech. School, Birmingham. 

Assisted by J. H. STANSBTE, B.So (Lond.), F.I.O.. 

Lecturer at the Birmingham Municipal TechnlcU School. 
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Sboond Edition, Revised^ Enlarged, and Re-set Throughout on Laryer Page, 
With Valuable Bibliogrtxphy, New Maps, llluHtrations^ dkc, 45a. net, 

Tit€ vmro Yox^uBSEsa* 

A TREATISE ON 
By sir BOVERTON REDWOOD, 

D.Sc, P.B,S.E., AS8OC.INOT.0.E . F.LC. 

CoNTKins.— Section I.: Historical Accounlof the Petroleum Industry.— Section II.: 
Geological and Oeogniphical Distribution of Petroleum and Natural Gas.— Section III.: 
The Cnemical and Physical Properties of Petroleum and Natural Gas.— Section IV.: 
The Origin of Petroleum and Natural Gas.— Section V.: The Production of Petroleum, 
Natural Gas, and Ozokerite.— Section VI.: The Refining of Petroleum.— Section vn.: 
The Shale Oil and Allied Industries.— Section VIII.: The Transport, Storage, and Dis- 
tribution of Petroleum.— Section IX. : The Testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— Section X. : The Usee of Petroleum and 
ite Products.— Section XI. : Statutory, Municipal, and other Begulationi relating to 
the Testing, Storage, Transport, and Use of Petroleum and its Products.— Appendicis. 
—BiBuooRAPHT.— Index. 

"It is fndispatably the most comprehensive and complete treatise on petroleum, and this 
statemoit is true, no matter on what brancl) of the iudustry a test of its merits is made. It is 
the only book in existence which giTes the oil man a clear and reliable ontline of the growth and 
presentHlaj condition of the entire petroleum world. . . . Tliere is a wonderfully complete 
colleotlon of plates and illustrations. —Petroleum World. 



Second Edition, Revised. With Illustrations, Price 8*. 6d, net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And fop those engaged in the Storage, Transport, Distribution, and Industrial 

Use of Petroleum and its Products, ana of Calcium Carbide. With 

suffffestions on the Construction and Use of Mineral Oil Lamps. 

By captain J. H. THOMSON, 

H.M. Chief Inspector of Bzplosires. 

And sir BOVERTON REDWOOD, 

Author of " A Treatise on Petrolenm." 
" A rolume that will enrich the world's petrolenm literature, and render a serrice to the 
British branch of the induktry. . . . Reliable, Indispensable, a brilliant contrilratlo&.''— 
P^roUum. 

In Crown 8vo. Fully Illustrated. 28. 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By J. A. HICKS, 

Chemist to Sir Boverton Kedwood 

Should be on the shelves of every analytical chemist in practice."— 6'A«mtcal Trade Journal. 

In Large Crown 8vo, Cloth. Fully Illustrated 58. net. 

O I X^ F U £2 X^: 

ITS SUPPLY, OOMPOSITION, AND APPLIOATION. 
By SIDNEY H. NORTH, 

LATE SDITOR OF THE "PETROLEUM REVIEW." 

Contents.— The Sources of Supply.— Economic Aspect of liquid Fuel.— Chemical 
Compoflition of Fuel Oils— Conditions of Combustion in Oil Fuel Fnmaoes.— Early 
Methods and Experiments.— Modem Burners and Methods.— Oil Fuel for Marine Pur- 
poses.— For Karal Purposes.— On LooomotlTes.— For Metallurgical and other Purposes. 
—Appendices. -Index. 

*' Everyone hiterested Ui this Important question will welcome Mr. North's excellent 
text-book."— /IToture. 

THE PBTROL.BUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Bovbrton Redwood. Illustrated. Is. net. 

** A work which will meet erery purpose for which it hss been WTitttn."— Petroleum. 
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OHEMISTRT AND TMCHNOLOQY. 55 



In Two Vob., Large 8vo. With Illiutratioiu. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BERTRAM BLOUNT, F.I.C., tk A. G. BLOXAM, F.I.O. 

VOLUME I.— Chemistry of Enfirineerinfi[, Building, and Metallurffy.— &0n«ra^ 
Co»i<ent«. -iHTRODUOnoN.—Chemistry or the Chief Materials of Construction.— 
Sources of Euennr.— Chemistry of Steam-rolsinff. — Chemistry of Lubrication and 
Lubricants.— Meutllurgical Processes used in the Winning and Manufacture of 
MeUIs. Price 108. 6d. 

VOLUME n.— The Chemistry of Manufacturing Processes.— 6^>era/ ContenUf.— 
Sulphuric Acid Manufacture. — Alkali, &q. — Destructive Distillation. — Artificial 
Manure.— Petroleum.— Lime and Cement— Clay and Glass.— Sugar and Starch.— 
Brewing and Distilling.— Oils, Resins, and VamiBhes.— Soap and Caudles.— Textiles 
and Bleaching.— Colouring Matters, Dyeing and Printing.— Paper and Pasteboard.— 
Pigments and Paints.— Leather, Olue, and Size.— Explosives and Matches.— Minor 
Manufactures. Third Edition, Thoroughly Revised. Illustrated. 



Second Edition. In Large 8vo. Handsome Cloth. With 800 pages 
and 154 lUostrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C R. alder WRIGHT, D.Sc, F.R.S., 

Late Lecturer 00 Chemistry, Sl Mary's Hospittd Medical School ; Rxaminer 
in "Soap** to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

"Will be found absolutbly mDts^9MSAVLm,'—Tk4 AmUytL 
•Will rank as the Standakd £nglish Authority on Oils and Fats for 
I to eoaie.*''-/md$utrut nud from. 



In Two Volumes^ Half Morocco^ each complete in itself, 

PHYSICO-CHEMICAL TABLES 

For the Use of Analysts, Physicists, Chemical manufacturers and 
Scientific Chemists. 

Volume L — Chemical Engineering, Physical Chemistry. 24s. net. 
Volume n. — Chemical Physics, Pure and Analytical Chemistry. 

[ShmrUy, 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical Cdlege. 

The Work comprehends as far as possible all rulbs and tables required by the 
Analyst, Brewer, Distiller, Add- and Alkali-Manu&ctarer, &c., &c. ; and also the prin- 
cipal data in Thbrho-Chbhistry, Elbctro-Cmbmistrv, and the various branches of 
Chbmical Physics. Every possible care has been uken to ensure perfect accuracy, and 
to indude the result* of the mo«t recent investigation*. 
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Sixth Edition, Thoroughly Revised. Fully Illnstraiad. 218. 

FOODS : THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER BLYTH, M.RC.S., F.I.O., F.C.S., 

BftrriBter-ftt-Law, Public Anftlyst for the County of Devon, and 
Medical Officer of Health for St Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

GENERAL CONTENTS.— History of Adulteration.— LegiaIatiou.—Apparmtus.—" Aah."— 
Sugar.— Confectionery.— Honey.— Treacle.— Jams and Preserved Ftuits.— Stardiea. — 
Wheaten-Flonr.— Bread.— Oats.- Barley. — Rye. - Rice. —Maize. — MUlet.— PoUtoes.— 
Peas.- Lentils.— Beana — Milk.— Cream.— Butter.— Oleo-Margarine.— Cheeae. —Lard.— 
Tea.— Coffee.- Cocoa and Chocolate. — Alcohol.— Brandy. — Rum.— Whisky.— Gin.— 
Arrack.— Liqueurs.- Absinthe.— Yeast. — Beer. — Wine. — Vinegar. — Lemon and Lime 
Juioc—Mnstard.— Pepper.— Sweet and Bitter Almonds. -Aiinatto.- Olive Oil.— Water 
Analysis.— Appendix : Adulteration Acte, Ac 

'* A new edition of Mr. Wynter Birth's Standard work. nmoHBo with all tbb macmn 
MsooTKBTas AVD iMPROVKMRMTs. Will be scoepted as a boon. "~CA«mfea^ N«m. 



FouBTH Edition, Thoroughly Revised. In Large 8vo, Cloth, witii 
Tables and lilustrations. 21s. net. 

POISONS : THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barrister-at-Law, Public Analyst for Uie County of Devon, and 
Medical Officer of Health for St Marylebone. 

GBNBEAL CONTENTS.— I.— Historical Introduction. II.— ClassUloatlon- Statistics— 
<Jennection between Toxic Action and Chemical Composition— Life Testa— General 
Method of Prooedure— The Spectroscope— Examination of Blood and Blood Stains. 
IIL— Poisonous Oases. IV.— Acids and Alkalies. V.— More or less Volatile Poiaoooua 
Substances. VI.— Alkaloids and Poisonous VegeUble Principles. VH.— Poisons derived 
from Living or Dead Animal Substances. VIII.— The Oxalic Acid Group. IX.— 
Inorganic Poisons. Appendix: Treatment, by Antidotes or otherwise, of Cases of 
Poisoning. 

'* Undoubtedly ths mosv oohplbvb woas on Toxicology in our laafuase."— Tks AnwHw^, 
'* As a PSAonoAL •on»B, we know so sansm work."— 2'A« iMmoet (ontii§ TMrd EHHm^. 



Crown 8vo, Handsome Cloth. Fully Illustrated. los. 6d. 

FLESH FOODS: 

With Methods for thehr Chemical, Microscopical, and Baeterio* 
logical Examination. 

A Practioal Handbook for MedioaJ Men, Analysts, Inspectors and othen. 
By C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

" A compilation which will be most aseftil for the class for whom It U totendedr—Atkettmtm. 

LONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAND- 



OHBMISTMY AND TBOHNOLOQY. S7 

Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOB DAIBT MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control or Dairies. 

By H. droop RICHMOND, F.I.C., 

CHBMIST TO THB AYLBSBURY DAIRY COMPANY. 

Contends.— I. Introductory. — The Constituents of Milk. II. The Analysis of 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI.. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow. — Appendices. — ^Tables. — Index. 

"... In our opinion the book is the bbst contkibution cn tmb subibct that 
HAS YlT APPBAKKD in the English language."— Z^ww// (on the First Edition). 



Fully Illustrated. With Photographs of VariooB Breeds of Cattle, &c. 

68. nei, 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairu Farming, The Diseaaes of Cattle, and on the 
Hygiene and Control of Supplies. 

By EDWARD P. WILLOUGHBY, 

M.D. (Lond.X D.P.H. (Lend, and Camb.). 
" We cordially reoommend it to everyone who has anything at all to do with milk."— 
Dairy World. 



In Crown 8vo, Fully Illustrated. 2s. 6d. net. 
THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.I.C., 

Anal3rst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever been 
written." — Medical Times. 

In Large Crown 8vo. Cloth. Fully Illustrated. 48. 6d. net. 

ELEMENTARY AGRICULTURAL CHEMISTRY. 

By HERBERT INGLE, B.Sc, F.I.C., F.C.S. 

CoNTKNTS.— Introduction.— The Atmosphere.- The Soil. — Natural Waters. — The 
Plant.— Manuree.— Crops.— ITie Animal.— Foods and Feeding.— The Dairy.— Miscel- 
laneous. —Index. _ „ _ 

At Press. In Crown 8vo. Handsome Cloth. Illustrated. 
By JAMES CLARK, M.A., D.Sa, A.RO.S., 

Principal of the Academy, Kilmarnock. 

LONDON: CHARLES ftRlFHN ft CO., LIMITED. EXETER STREET, STRAND. 
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Thibd Editiom. in Handsome Cloth. Folly iUnstntocL 218. net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WAXTER J. SYZES. 

Rbvisbd by ARTHUR R. LING, F.I.C., F.C.S., 

Editor of the Journal of the Inititate of Brewing. 

CoHTBNTS. ~ Physical Principles Involved. — The Chemistry of Brewing. — Tbe 
Mlcroecope. — Vegetable Biology. — Fermentation. — Water. — Barley and MaItln|L — 
Arrangement of Brewery Plant.— Quantities of Materials.— Fermentation.— Antiseptlos. 
—Finings.— Characteristics of Beer.— Diseases of Beer.— Indkx. 

" A thorough and compMhensive text-book . . . up-to-date • • • a standard 
text-book."- i?r«MW»' Journal. 



In Large 8vo. Complete in Two Volumes. 
Each Volume CompleU m liseif, and Sold Separately, 

TECHNICAL MYCOLOGY: 

The Utilisation of Hiof-organismB in the Arte and manufacture; 
Bt Db. FBANZ LAFAR, 

ProT. of Fannentatloii-Physlology and BadaHoIogy to the T^ebniesl Hifh School, Ylenaa. 
Trakslatbd bt CHARLES T. C. SALTER. 
Vol L-SCHIZOMYOVnC FBRMBNTATION. 
Vol II.-BUHYOBnO FBRHBNTATION. 

Nora.— Part I. of Vol. IL was issued separately at 7s. 6d. Copies of Part n., 
Vol. IL, have, therefore, been bound up to enable those possessing Part I. to oomplete 
their copies. 

**The first work of the kind which can \kj elahn lo oompletaneaa tai tha tgaa t msn t of 
a ftantnaUng subject The plan is admirable, the olasaifloatton simple, the style la good, 
and the tendenoy of the whole volume is to convey sure Informadoii to the reader.**— 



Crown 8vo, H&ndaome Cloth. With Diagrams. In. 6d. net. 
[Companion Volume to "FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Taaitslatxd from the German by 

C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 
" For wealth of detail, we have no small work on Toxines which equals the one 
under reyieyr."— Medical Time* 



In Crown 8vo, Handsome Cloth. Price Ts. 6d. net. 

FERMENTS : AND THEIR ACTIONS. 

A Text-book on the Chemistry and Physics of Fermentative Changes, 

By carl OPPENHEIMER, Ph.D., M.D. 
Translated by C. AINSWORTH MITCHELL, B.A., P.LC, F.C.S. 
** Such a veritable mMltum in parvo has never yet appeared. "~Ar«w«r<* JoumaL 

LONDON: GHARLE8 GRIFFIN A CO., LIMITED. EXETER STREET. STRAND 



0HI6MI8TRY AND TMOHNOLOQY. 59 

In Crowu 8vo. Handsome Cloth. Vully lUnftrated. 6t. net. 

PEAT: Its Use and Manufacture. 

By PHIUP R. BJORLING And FREDERICK T. GISSING. 

Obxikal Contbxts.— Introduction.— The Formation of Peat.— Area and Depth of Bogs in 
Principal Countries.— Hanufaotiuti of Peat Fuel, Ac— Out Peat, Dredged Peat, and Manufactured 
Peat.— Machinerr emploved in the Manufacture of Peat Fuel.— Peat Mon Litter, and theMachinerr 
employed in Its Manufacture.— Peat Charcoal and Its Manufacture.— Cost of making Peat Fuel and 
Charcoal.— Other Productions derived fh>m Peat, such as Tar, Manure, Candles, I^es, Paper, fte. 

— BlBUOOftAPBT.— IlTDXX. 

"The treatment throngliout UcWr and hiterestliig . . . excellent plates.**— *fH7<iwer<iHir. 
Companion Volume to the above. In Crown 8vo. Cloth. Fully Illustrated. 6s. net. 

COMMERCIAL PEATs 

Ite Uses and Its PowlbUltles. 

By F. T. GISSING. 

*' A useful and instructiTe epitome of the development of the \n&xiAtry"— Mechanical 
Bntfineer. _ 

Second Edition, Revised. In Medium 8vo, Cloth. Illustrated. 
I2S. 6d. net. 

PAPER TECHNOLOGY! 

AN ELBMBIITART MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES, 

AND CHEMICAL CONSTITUENTS OP PAPER AND OP 

PAPERMAKING FIBRES. 

With Selected Tables for Stationeps, Publlsbeps, and Others. 

By R. W. SINDALL, F.C.S. 

*• Exceedingly instructive and particulariy useful." — Paper Makers Monthly J oumml. 



In Crown 8vo. Handsome Cloth. With 80 UloBtrationi. 6b. net. 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Materials and Methods employed In Brickmaking and Pottery. 
By thb Author op " THE CHEMISTRY OF CLAYWORKING," Ac. 

Obhbeal OonraRTs.— Material* used In Olayworklnff : Olays, Enoobes, OlasoL Colours, 
Water, FueL Oils, and Lnliricanta.— The Preparation of the Clay. Mining and Quanylng, 
Weathering, Waahuur, Grinding. Tempering, and Pugging.— Machinery ; Boilers, £nginee. General 
Machinery. tfieTee, Mixing Machinerr. Presses ^—Dryers and Drying.— Engcbing and Olasing. 
— Setting or Charging. Transport— Kilns.- Firing. —Discharging. Sorting, and Packing.— Defeots 
and Waste.— Tests, Analysis and Control.— Biblio iRAPHT.— TABLB8.-IifDBX. 

"We can thoroughly recommend this handy little book to all our readers." -Br/ck and 
Pottery Trades' Journal. 

In Imperial 8vo. Strongly and Elegantly Bound* 
With over 1,0U0 Pages. 

CERAMIC LITERATURE. 

Compiled, Classified, and Described by M. L. SOLON, 
President of the Bnglish Ceramic Society. 

An Analytical Index to the Works Published in all Languages 011 the History and 
the Technology of the Ceramic Art ; also to the Catalogues of Public Museums, Private 
Collections, and of Auction Sales in which the Description of Ceramic Objects occupy 
an important place ; and to the most important Price Lists of the Ancient and Modem 
HanoiactorieB of Pottery and Porcelain. 

lOHDON : CHARLES GRIFFIN « CO.. LIMITED, EXETER 8TREEL STRAND 



6o CHARLES QRIFFW dt OO.'S PUBLWATiONS. 

In Large 8vo. Cloth. With 147 lUnstrationB. 15t. net. 
A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prof. DUNBAR, 

Director of the Institute of State Hygiene, Hamburg. 

English Edition by HARRY T. CALVERT, M.Sc, Ph.D., F.I.C, 
Chief Chemical Assistant, West Riding of Yorkshire Rivers Board. 

Contents.— Or^wth of River Pollution.— Legal Measures taken by Central and Local 
Authorities.- Rise and Development of Methods of Sewage Ireatmeut— Earlier Views 
on Methods of Treatment.— Characteristics of Sewaoe.— Objects of Purification Works. 
—Methods for the Removal of Suspended Matters.- For the Removal of PutrescibiUty.— 
Disinfection.— Supervision and Inspection of Works.— Utility and Cost.— Index. 

** We heartily commend the book as a peculiarly fah* and impartial statement of the 
present position of the sewage problem."— /va^Mrf. 



BemUi/tUly lUuatraUdy with Numerous FlcUes, Diagrams^ and 
Figures in the Text. tU, net, 

TRADES' WASTE: 

ITS TKBATMBWT AND UTILISATION. 
Handbook for Borough Enarlneeps, Surveyors, Arehiteets, and Analysts. 
By W. NAYLOR, F.O.S., A.M. Inst. C.E., 

Chief Inspector of Riven, Ribble Johit Committee. 
'* There is probably no person in England to-dtv letter tlttci to deal rationally with 
SQOh a snbjeot.**— Jrt<i«A Skmitarian. 

In Handsome Cloth. With 69 lUnstrations. 6b. net. 

A Manual for the Use of Manufaoturen, Inapectors, Medical Officers of 
Health, Engineers, and Others, 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 
" We welcome such an adequate statement on an important subject."— 5r<«iA 
Medical Journal. 



Second Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. neu 

CALCAREOUS CEMENTS: 
THEIR NATURE, PREPARATION. AND U8E8. 

By gilbert R. REDGRAVE. Assoc Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

•* We can thoroughly recommend it as a first-class \nyc&tmtnt."—Prnctica/ Engineer. 



In Handsome Cloth. 5s. net. 

A HANDBOOK FOR CEMENT WORKS' CHEMISTS. 

By frank B. gatehouse, F.C.S. 

Grnkral Contents.— Introduction.— Chemicals and Apparatus.— Books.— Analysis and 
Calculations of Raw Materials. — Analysis of Fuel, Kiln Gases, Lubricants and Water. — 
Cement Analysis.— Gypsum, Plaster, &c., Burnt Lime.— Appkndices.- Ind«x. 

"Concise . . . excellent . . . a useful addition to Cement Litemture."- C«Mme!<!f. 

UtNOON: CHARLES GRIFFIN A PA. LIMITED, EXETER STREET, STRAND. 



CHJSMISTRY AND TEOHNOLOQY. 6i 

With Four Folding Plates and Numerous lUustrations. Large 8vo. 
88. 6d. net 

ViTlLarER SXJPPXjir: 

A Praothal Trtatlae on the Selection ofSoureee and the Olttrlbutfon of Water. 
Bt REGINALD K. MIDDLBTON, M.Inst.O.E., M.In8T.Mioh.E., F.S.I. 

ABRIDOID CoNTurrs.— Introdnotory.— Bequlrements m to Qiiality.— BeqoiremenU- 
M to Qnsntlty.— Storage SMerToin.— Piiriflcation.~S6rvloe ftetervoin.— The Flow 
of W»ter through Pipes. — Distributing Systems. ~ Pumping Machines. — Special 
Requirements. 

*' As » companion for the student, and a constant reference for the technical man, we- 
antidpate it will take an important position on the booksbelf."— i*nwf<dal Engineer. 



In Large Crown Svo. Fully Illustrated. In Two Volumes. 

Volume I. Fourth Edition. Price 78. 6d. net. 
9 9 II. Third Edition. Rbady Shortly. 

THE CHEMISTRY OF 



4 Hand-Book on the Production, PurifloaUony and Testing of Illuminating 
Qa$, and the Assay of the Bye-Produots of Qas manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.LC, F.O.S., 

Formerly Hsed Obemisi, Gss Works. Bsckton, London. & 
** The BI8T WOBK of its kind which we hsve ever had the pleasure of re- 
viewing."— /oumaZ of Gas Lighting, 



Second Edition, Rewritten. Illustrated. Ss. 6d. net. 

THB FRINOIPI.es OF ITS GENSRATION AND USE. 
By F. H. LEEDS, F.I.C., F.C.S., 

Member of the Society of Public Analysts end of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD, M.A., P.I.C, F.C.S., 

Ck>nsnlting Cfhemist, Author of ** The Chemistry of Oas Manufacture." 
'* Brimful of information."— OA«in. Trade Journal. 

*' We can thorouglily reooaunend the boolc to the manufScturer as a reliable work 
of reference, to the user as supplying raluable hinU on apparatus and methods of 
procedure, and to the student as a safe and certain guide."— ^O0(y<ene. 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RI8K«: 

A Handbook of the Oeteotlon, Investigation^ and Prevention of Fires and Explosions. 

By Db. von SCHWARTZ. 

TransUted from the Revised German Edition 

Bt C. T. C. SALTER. 

ABBBIDOBD Gbhbral Contbnts.- Flres and BznkMlons of a General Character — 
Dangers arising from Sources of Light and Heat.— i>angeroas Chues.— Risks Attendins 
8p«cial Industries.— Materials Employed. — Anicultural Products.— Fats, Oils, and 
aesins.— Mineral Oils and Tar.— Alcohol, ^kc-^etals, Oxides, Acids, dec.— Lightning 
Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of lire and kindred 
topics."— ,Pir« and Water. 

*' A complete and useful surrey of a subject of wide interest and vital importance."— 
OU and CoUmrman's JoumaL 

LONDON: CHARLES GRIFFIN « CO.. IIMITED, EXETER STREET, 8TRANS. 

A. 



62 CHAHLMS OHIFFIN 4 CO.'8 PUBLIC AT10N9. 

Fifteenth Edition, Thoroughly Revised. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID. M.D^ D.P.H, 

WtlUm^ M*m, ComneU^ and Exmmmtr, Sa$diarr ImtiiuU cf Grtai BriUk^ 
mmd MhUcoI OjgHur U tks St^k^bnUUrt ComUy CetmHL 

TOIftb an Bppen5fx on Sanitaria Xaw* 

By HERBERT MAN LEY, M.A., M.B^ D.P.H., 

BarrUifT-at' Law. 

Gknbral Contbnts. — Introduction. — Water Supply : Drinking Wato-, Pollution of 
Water.— ^Ventilation and Warminff.— Principles of Sewage RemovaL— Details of Drainage ; 
Refuse Removal and Disposal.— -Sanitary and Insanitary Work and Appliances. — Details of 
Plumbers' Work. — House Construction. — Infection and Disinfection.— Food, Inspection of; 
Characteristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food.— Appendix : 
Sanitary Law ; Model Bye-Laws, v^c. 

" A VERY USBFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANrrAXY 
INSPBCTORS, but to HOUSBHOLDBkS uid ALL interested in Sanitary Matters. ''->SaniAs»y Rtcord. 



In Handsome Cloth. With 53 Illustrations. 3s. 6(i. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County Engineers ; Survey(»', Wombwdl, Yorks. 

Contents. — ^Water Supply. — Ventilation. — Drainage.— Sanitary Building Construction. — 
Infectious Diseases. — Food Inspection.—- Duties of an Inspector of Nvusances and Common 
Lodging-Houses.— Infectious Diseases Acts.— Factory and Workshop Acts.— Housing of 
the Woricing-Classes Act. — Shop Hours Acts.— Sale of Food and Drugs Acts. The Mar^ 
garine Acts.— Sale of Horseflesh, &c.. Rivers Pollution.— Canal Boats Act.— Diseases of 
Animals.— Dairies, Cowsheds and Milkshops Order.- Model Bye- Laws.— Miscellaneous.— 
Indsx. 

" Accurate, reliable, and compiled with conciseness and ctc^—Samiiary Rtcord. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. Ss. 6d. net. 

SANITARY ENGINEERING: 

A Praotioal Manual of Town Drainage and Sewage and Refuse DispOMoi. 

For Swiltary Authorlttos, Inglneart, Intpeotort, ArohltMts, 

Oontraotora, ami ttudMits. 

By FRANCIS WOOD, A.M.Inst.CE., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 
GENERAL OONTBNT8. 
Introduction. ~Hydraulics.—Vdoci^ of Water in Pipes. — Earth Pressures and Recaining 
Walts.— Powers.— House Drainage. —Land Drainage.— Sewers.— Separate System.— Sewygo 
Pumping.— Sewer Ventilation.— Drainage Areas.— Sewers, Manholes, &c.— Trade Rduse.— 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Sewors.— Refuse Disposal- Qumneys and Foundations. 

-' rne volume bristles with InfomutloQ which wiO b« greedily read by those la need of asststance. The 

book IS one that oa(fht to be ou the bookshelves of BVBKY PRACTICAL BMGtMBfOL* —Satii/ury y#t > rwa / . 

• K VBRn-ABLB POCKBT COMPENDIUM of Sanitary Bnirineeriiur. ... A work which may. I» 

•nany req>ects. be coopered as COMPLBTB . . . COM MBNDABLy CAUTIOUS . . . INTBRBSTINC 

. . . s\JGGESTivn.''—P»Mtc »*aUM Sme^mtr 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. STRAND. 



OHKMISTRY AND TKCHN0LOQ7. 63 

Sboond Edition. In Large 800. Handsome Cloth. Beau^fiMy 
lUuitrated. With Plates and Figures in the Text, Sis, net, 

EOAD IIKIHG AND lilRTENAHOE: 

A Practical Treatise for Engineers, Surveyors, and Others. 

With an Histosioal Sketch or Ancibnt and Modern PRAcnoi. 

By THOS. AITKEN, AssocM.Inst.O.E., 

Member of tbe Aseooiation of Manlolpal und Coanty Enfineen; Member of the Sftnitary 
Iiut ; Sarreyor to the Ctoanty Ooonoil of FUe. OnpAT Divlaion. 

W/TH NUMEROUS PLATES, DIAGRAMS, AND lUUSTRATIONS. 

Contents. — Historioal Sketoh. — Resistance of Traction. — Layins out 
l^ew Boads. — Earthworks, Drainage, and Retaining Walls. — Koad 
Materials, or Metal. --Quarrying. — Stone Breaking and Haolase. — Road- 
Rolling and Scarifying. — The Construction of New, and the ]£dntenanoe 
•of existing Roads. — Carriage Ways and Foot Ways. 

" The Lltenury style Is ■xcbluuit. ... A oompeiuhsitb and ixaLun Modem Book, an 
UP^^TO-DAXi work. . . . Should be on the reference shelf of every Municipal and Ooonty 
Snxineer or Surveyor In the United Kingdom, and of every Colonial Bngineer."— 2^ flTin yo r 



• In Handsome Cloth, Fully Illustrated. lOs. 6d. net, 

DUSTX^£2SS ROAI>S. 
TAR MACADAM. 

By J. WALKER SMITH, 

Borough Enghieer and Master of Works, Edinburgh. 

CoNTBRTs.— Necessity for Improved and Standard Road CkmstrucUon.— Tar.— Standardisation 
•of Matrix.— Aggregate for Macadam — DilTermit Modes of Preparing and Laying.— Mechanical 
Mixing.— EflTects of Wear, Density, Porosity, Distribution of Weight.— Scavenring ; Watering and 
Maintenance.- Camber: Gradient, Noiselessness. Hygienic Advantages. — KoTling. -Tractive 
Effort.— Statistic8.—Tar Spraying on Ordinary Macadam Surfaces.— Appk»i>ics8.—Imdix. 

"The book ia lu every respect up-to-date and very suggestive. It is written by one 
who has had unique opportunities for studying the sublect, who has made himself 
master of all its details, and who is not afraid to express his opinions thereon. It is, 
therefore, practical in the best sense of the term."— County and Municipal Record. 



In Demy 8i>o. Handsome Cloth, With Many Tables, 6«. net. 
THE THEORY AND PRACTICE OF 

ERilELLING ON IRON AND STEEL. 

By JULES GRIJNWALD, 

Technical Chemist and Works' Manager. 

Contents.— Introductiou.—The Raw Materials.— The Mixing. Dissolving, and Appli- 
cation of EuameL— Heating and Pickling Goods in the Bougn.— Correct laying on. ^ 
Baking Enamelled Ware.— Decoration of Enamelled Objects.— Photo-Ceramics in their 
Application to Enamels.— Oeneral and Statistical Chapter.— The History of Enamels 
Ana their Uses.— Index. 

tONDON: CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET. STRAlia 



OHARLieS GRIFFIN dh CO.*S PUBLIOATIONS. 



In Large 8vo. Handsome Cloth. Profusely lUnstrated. aOs. net. 
A TREATISE ON 

COLOUR MANUFACTURE. 

A Guide to the Prepapatlon, Examination, and Application of all the 
Pigment Colours in Practtcal Use. 

By GEORGE ZERR and Dr. R. RCBENCAMP. 

AITTHORISBD fiNOLISH TRANSLATION BY DB. C. MAYE&, OF BURODORr. 

-' This oomprehenBlve guide . . . usefal and Interesting."— Ot7 and Co/otcr rnutet 



Foo&TH Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

PAINTERS' COLOURS, OILS, AND VARNISHES: 

A PRAOTIOAI. BLALinJAZi. 

By GEORGE H. HURST, F.C.S. 

Gbnbkal Contents.— Introductory— The Composition, Manupactitre,. 
A8SAT» and Analysis of Pigments, White, Red, Yellow and Orange, Green, 
Bine, Brown, and Black— Lakes — Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, ftc, ftc.)— Driers— Varnishes. 

'* A THOROUGHLY PRACTICAL book. . . . Sadstactorily treau of the manufiicture of 
oils, cotouis, and pigments. '*—CA#i«i*r«/ TnuMr* 7M«n««i. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDL 

A Student's Handbook of Paints, Colours, and Yamishes. 
By GEORGE H. HURST, F.C.S. 

Abstract op O^ntbhts. — Preparation of figment Colours. — Qiemical Principles 
Involved. — Oils and Varnishes. — Properties of Oils 1^ Varnishes. — ^Tests and Experunents. 
—Plants, Methods, and Machinery of the Paint and Varmsh Manufactures. 

" This excellent handbook, ... the model of what a handbook should be."— OfZr, 



Third Edition, Revised. In Crown 8vo. extra. With Numerous Illnstra- 
tiont and Platea (tome in Colours), inolnding Original Deaigna. 12b. 6d. 



Painting and Decorating: 

A Oomplete PrfwHoal Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCK, 

LBcnmsa at thb hahohbbxrr tao ajno AL bohool vor ■oiiut«Annn« aid naooRAmra. 
'*A THOBOUOHLT useful bode . . . good, sound, FEAOnOAL niVOE- 

MATiOH in a GLBA& and ooncise form.**- P/tiin6<r amd Decorator, 

*' A THOBOUOHLT GOOD AND EEIJABLE TEXT-BOOK. . . . So FULL •tA 

OOMFLSTB thai it would be difficult to imagine how aDything furtfaer oould be 
added about the Painter's craft**— .fftcOcier? JaumaL 



LOMNM: CHARLE8 GRIFFIN ft CO.. LIMITED. EXETER STREET, 8TIUIIB. 



CHBM18TB7 AND TMOHNOLOQY. 65 

Third Edition. In Large 8vo. Handsome Qoth. With 4 Plates 
and Several Illustrations. x6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

Treatise on the Nature of India Rubber, its Chemical and Physical Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation, 
By carl otto WEBER, Ph.D. 

" Replete with sdentiiic and also with technical interest. . . . The section on physical 
properties is a complete risumi of every thing known on the syxhltct.^^Imiia-rubber J oumaL 



In Handsome Cloth. Fully Illustrated. los. 6d. net. 
THE IVIANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 

Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S., 

Chemist to Messrs. J. G. Ingram & Son, London. 

Gbnbsal Contbnts. — Raw Material and its Preparation. — Vulcanisation. — Rubbe 
Mixings. — Manufacture of Soft Rubber Goods. — Manufacture of Hard Rubber Goods. 
•Regeneration of Waste Rubber.— Specific Gravity of Rubber Goods,— Index. 

*'Can be recommended as a very practical and useftil work."— Mature. 



In Large Crown 8vo. Fully Illustrated. 5s. net. 

AND THSIB ALLIED FRODUOTS, 

A Practical Handbook for the Manufacturer, Agrleulturlet, and Student of Teolinologif, 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

CoifTBiiTS. — HistoricaL— Gluk.— GBI.ATIMB. — Size and Isinglass.— Treatment of Eflhi- 
-enu produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c — Uses 
of Glue and Gelatine.— Residual Products.— Analysis of Raw and Finished Products.— 
Aphshdix.— Index. 

"A sufficient account of modem methods of working, chiefly from a practical sundpoint. 
A book . . . of real value." — Chemical Neva. 



In Large 8vo« Handsome Qoth. Fully Illustrated. 15s. net. 

A Practical Manual on the Analysis of Materials and Finished Products. 
Bt S. R. TROTMAN, M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association 

of Leather Trades' Chemists. 

Synopsis op Contents.— Standard Solutions. — Adds, Alkalies, &c.— Water. — Depilation 

and DeUming.— Fleshings, &c— Glue.— Spent liquors. — Mineral and Vegetable Tanning 

Agents. — Oite.— Soaps.— Vaunishes. — Skin. — Leathen — Dyestuffs.- Degreasing Agents. — 

Effluents.— Glossaky.— Index. 

•• Mr. Trotman has admirably succeeded in his aim. . . . Practically every section ot 
the leather trade chemistry is gone Into,"— Leather Trade:^ Revievt. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OP INK. 

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks. 
By a A MITCHELL, B.A, F.I.C, F.C.S., & T. C HEPWORTH. 

"Thoroughly well arranged . . . and ofa genuinely practical order.** — British Prmitr. 

UWDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, 8TRAN0. 



66 0HARLE8 GRIFFIN d, 00,'8 PUBLICATIONS. 

Second Edition, ThoraugJUy Revised ThraugJiotU, In Two Largt 
Volumes, Handsome Cloth. 45«. 

A MANUAL OP DYEING; 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEINQ, 

BY 

B. KNECHT, PhJ)., F.LC^ CHR. RAWSON, F.LC., F.C.S.. 

HMd of th« OhMntobT Mia DTdng l>epMtiiMat of lAto Hoad of tho Ohomirtry awI Djdnff I>n«rteiflnt 
tte TMhaloAl Behool, MaaehostanBdltor of '*T1m of tbo TMhnloRl OoDcfo. Bndfotd : Itanlwr 
JMmUof thoBoelotyofDFmaiiaOokmrMi;- OooncU of tho Boeloty of I>y«n uul OolovM« 

And RICHARD LOEWENTHAL, Ph.D. 

Oknxhal Contents. —Chemical Technolo^^ of the Textile Pikbrios— 
Water— Washing and Bleaching — Acids, idkalies, Mordants — Natural 
Colouring Matters— Artificial Oix<^o Colouring Matters— Mineral Colours 
—Machinery used in Dyeinff — Tinctorial Properaes of Colouring Matters- 
Analysis and Valuation of Materials used in Dyeing, Ac, Ac. 

" Tliis MithoritfttiTe and extaMuttve work ... the moct oomplbtb we hSTO jet seen 
oo the sobjeet"— TtecfOe Mamifaetwrtr. 



In Large 8vo, Handsome Cloth, Pp, i-xv + 4O6. 16b. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchksteb and TttBiNOBN), 
Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), F.R.S., 

Lecturer on Colouring Matters in the Victoria Uniyersity of Manchester. 

Part I. Theoretical. Part II. Practical. Part III. Analytical. 

" We have no hesitation in describing this treatise as one of the most raluable hooka 

that has M>peared. . . . Will give an impetus to the study of Organic Chemistry 

^leottnXtf.—Chemioal Trade JaumcU. 



Oompanion Volume to Knecht 4: Raweon^s " Dyeing. " In Large 8vo. 

ffandaome doth. Library Style. 16s. net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

with FormuicB, Properties, and AppUeatlons of the various substanees desoribed 

and oonolse directions for their Commerelal Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.O., F.C.S., 

Oo&saltinc Chemist to the Behar Indigo Planters* Association : Co- Author of *' A Manual 

of Dyeing;" 

WALTER M. GARDNER, RC.S., 

Head of the Department of Chemistry and Dyeing, Bradford Munidpal Tsehnioal College : 
Editor of the " Jonm. 80a Dyers and Colourlsts ; * 

And W. F. LAYOOOK, Ph.D., F.O.S., 

Analytical and Consulting Chemist 
•* Tun to the hook as one may on any subject, or any substance in oonneetion with the 
trade, and a reference is sure to he found. The authors have apparently left nothing out. ** 
— TVciNIs Jtffrewry. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITEH. EXETER STREET. STMNO. 



THE rmxTiLn; indvstbies, 6r 

In Crown 8vo. Cloth. With Numsroos Illnstrations. 68. net. 

THE COTTON WEAVERS' HANDBOOK. 

A Practical Guide to the ConttructtoH and Costing of Cotton Fabrtos, 
with Studies In Osalgn. 

By henry B. HEYLIN, 

Of the Boyal Technical Institate, Salford. 

0oimMn.—W6»Ttng.— Designing.— Weaves.— The Power Loom and its AoceMories. — 
knalytlng or DiBseokion of the Cloth.— Cloth Quoting or Conting.— Divition cf the Cotton 
IndnHttyln England.— Tame for Manafacturing Pnrpotes.— The Selection of Warp Tama 
and Yam Testing.— Bead and Beald Counting and (^iloalations. —Important Lahoor 
Units in a Weaving Mill.— Miscellany. -Illastrations of Machinery.— Examination Qnes- 
tions.— LiDBX. 

"Mr. Heylin's text-book is a very reliable one. It is difficult to mark out any special 
points among so much excellent mutter,"— Dper and Calico Printer. 



hsage 8vo. ProfuBely Illustrated with Plates and Figures in the Text 

16s. net. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEmP, JUTE, TOW, A RAHHIE). 

A Praetieal Manual of the most Modern Methods as applied to the Haehllng, Carding 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

Bt HERBERT R. CARTER, Belfast and LUle. 

OiMSEAL COKTKHTS.— Long Vegetable Fibres of Commerce.— Rise and Growth of 
(he Spinning Indnstry.— Baw Fibre Markets.— Purchasing Baw MateriaL— Storing and 
Preliminary Operations.— Hackling.— Sorting.— Preparing.— Tow Carding and Midng.— 
Tow Combing.— Gill Spinning.— The AovingFrame.— Dry and Demi*seo Spinning.— wet 
Spinning.— Spinning Waste.- Yam Reeling.— Manufacture of Threads. TwiiMs. and 
Cords.— Rope MaUng.— The Mechanical Department.— Modem Mill Gonstraotion.- 
Steam and water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perliaps more than satisfactory. . . . We must his^y commend the work as repre- 
senting up-to-date practice."— .yatwe. 



In Large ^vo. Handsome Cloth, with Numerous JllustrtUions, 9<. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The OceuFPence, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Products used In Spinning and Weaving:. 

By WILLIAM I. HANNAN, 

Leotorer on Botany at the Ashton Municipal Technioal School, Lecturer on Oottou 
Spinning at the Ohorley Selenee and Art School. *o. 
"OsbfitlIxfobmatioii. . . . ADMXHABLBlLLDtTBaTioira . . .'^'^Ttxiilt JUeordsr. 



In Laige 8to» with lUustrations and Printed Patterns. Price sia 

TSXTIX^S PRINTING: 

A FBAOTIOAIi MANUAIi, 

Indndliig the Processes Used in the Printing ot 

COTTON, TATOOLLBN, SILK, and HALF- 

SHjK FABEICS. 

By 0. F. SEYMOUR ROTHWELL, F.C.S., 

Mem, Boe, of Chem. Ind. ; laU Leetwrer mt the Mtmie. Teeh. SthooL Mamehester. 
** Bt fab TBS vmn and most pbaohoal book on tbxtilb hum tuw which has yet been 
bronght OQt, and will long remain the standard work on the subject**— 9Vria« Mercmrf. 

lONDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRANDl 



^S CHARLES GRIFFIN *^ C?0.'A* f*(I BLWATI0N8. 

Large 8vo. Handsome Cloth. 12b. 6d. 

BLEACHING & CAUC0-PRINTIN6. 

A Short Manual for Students and 
Practical Men. 



By GEORGE DUERR, 

i^i»M«g, I>yeliiCt And PrinUiif DepMtaM&t ftt tht Aeei 

TeehnioJ Sohoolt ; Ob«mlat uid Cokmilst at the Irwell Print ^orki. 



Olr«elor of the Ulflaehlns. lyyetng, and PrinUng DepMimeot ftt tht Aeertngton and Baeap 
«.-.._.„. «....-._ ^ _. . _. ^ . — ._. . .. Print Wofta. 



Assisted bt WILLIAM TURNBULL 

(of TnrnlmU * Stookdale. Limited). 

With ninstratioiis and npwarda of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTa— Cotton, Composition' of; BuAOHnro, New 
Processes ; PBnmNO, Hand-Block ; Ilat-Press Work ; Machine Printing— 
Mordants— Sttlm o# CALioo-pRiNTiNa : The Dyed or Madder St^ Reinat 
Padded S^le, Discharge and Extract Style, Cluromed or Raised Uolooia, 
Insoluble Colours, fta — Thickeners — Natural Organic Colouring Matten 
—Tannin Matters— Oik, Soaps, Solvents— Organic Acids— Salts— IfinenJ 
Colours— Coal Tar Colours— Iryeing— Water, Softening of —Theory of Colours 
—Weights and Measures^ ftc. 

** When A BaM>T way out of a dUBcoltj 1* wanted, it Is i« boom uki this that It la found."— 
TmatfU lUoord&t. 

"Mr. I>VBEa'B woEK will be found Moe* oaifVL. . . . The Information glTen la of asnAt 
vALOBi • . . The Beolpea are THoaoPOHLT rBAOTiCAi>"— IVa<il< Mmmf^utm w , 



Sboond Edition, with New Appendix. In Handsome Cloth. 
With 76 Illustrations. 5s. net. 

DYEING AND CLEANINGi 

By frank J. FARRELL, M.Sc, &a 

Genbbal Contents.— Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods, 
Cleaning and Dyeing Skin Rugs, Feathers, and Hats. —Finishing. — 
Appendices. — Index. 

" A timely and valuable oontribution . . . well got up in every way."— l)y«r and 
CaUeo Printer, 

(.ONOON: CHARLES GRIFFIN H CO., LIMITED. EXETER STREET. STRAIN). 



INTRODUCTORY WORKS. 69 

Third Edition, Revised, Enlarged, and Re-issued. Price 68. net 
A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

By a. DUPRE. Ph.D., F.R.S., 
And WILSON HAKE, Ph.D., F.LO., F.C.S., 

Of the Wartminiur Hospital Medical School 

"Am wxAUftM OF THX ADVAMTAGBS OF THB SvmnATic TaBATMBirr of a Sdoioe 
•over the fragmentary ttyle so generally followed. Br a long way thb ■■st of the small 
Mauuals for Stodents.**— ^iMi/r«/. ' 



In Handsome Cloth. With nearly 50 lUostratiimB. 38. 6d. net. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GROSSMANN, M.A., Ph.D., F.LC. 

WITH A PRKFACI BT 

SiE WILLIAM RAMSAY, K.C.B., F.R.S. 

COMTBRTS.— The Beaker and its Technical BqiiiTalenU.—Dl8tilllnff Flasks, Liebig's 
■Condensers.— FractlonatiDg Tubes and their Technical Eqalvalento.— The Air-Bath and 
4t8 Technical Bqoivalents.— The Blowpipe and Crucible and their Technical Bquivalentt. 
—The Steam Boiler and other Sources of Power.— General Semarks on the Applicatioo 
of Heat in Chemical Bnfidneering.— The Funnel and its Technical BquivalenU.— The 
Mortar and its Technical Bquivalents.— Measuring Instruments and their Technical 
BqulTalents.- Materials Used in Chemical EngineeriDg and their Mode of Application.— 
Technical Research and the Designing of Plant.— Conclusion.— Chemicals and Materials. 

— INDIX. 

" Excellent. . . . Erei^ student of chemistry attending a technical course should 
-obtain a copy. '.—Chtmical Anoi. 
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FOR THB USB OF aTUDBNTS. 

With nimtrations. Fifth Edition. Crown 8vo, Cloth, fc. 
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THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES^ 
As Illustrating the First Principles of Botany. 

By J. R. AINSWORTH DAVIS, M.A., F.Z.S., 

Fni, of BioloffT, University CoUege, Aberystwyth ; Examiner in Zoology, 
University of Aberdeen. 

"It would be hard to find a Text-bookwhich would better guide the student to an accurate- 
kaofwledge of modem discoveries in Botany. . . . The scikktific accvbacy of statement, 
and tha oondse eapositioa of ruttr PKiMaPLBS make it valuable foreducatioDal pu r poe e i I» 
the diapter on the Physidogy of Flowers, an adrntrahU Hln«M^,drawn from Darwin, Herauui* 
MOIler, Kemer, and Lubbooc. of what is known of the Fertilization of Flowers, is given. "• 



POPULAR WORKS ON BOTANY BY MRS. HUGHESGIBB. 

With Illustrations. Grown tvo. Oloih. SB.6d 

HOW PLANTS LIVE AND WORK: 
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Bt ELEANOR HUGHESGIBB. 
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400UmAn,the first lessons In plant-life are set before it."~Arafi»ra{ Setmoe. 

**In every way well ealenlated to make the study of Botany Anaaovivi to the young. "— 



With Illustrations. Crow^n 8vo. Gilt Ss. ed. 

THE MAKING OP A DAISY j 

** WHEAT OUT OF LILIES;'* 

And other Studies from the Plant World. 

A Popular Introduotion to Botany. 
By ELEANOR HUGHES-GIB B. 

Author of How PlanU Live and Work. 

** A BiiOHT little introduotion to the study of Flowers.**— /ovraal of Boump. 
** The book wUl afford real assistanoe to those who oan derive measure from the study or 
Nature in the open. . . . The literary style is oommen '.ao<e *— JTnowMps. 
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OPEHU( STUDIES 1]1 BOTiqiY: 
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By R. LLOYD PRAEGER, B.A., M.R.LA. 

ninstpated by Drawings flrom Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 
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With 12 FuU'Page Hlu8tmtion9 from PhotographM. Cloth. 
Second Edition, ReviBod, 8a. 6d, 

OPEjl-AItl STUDIES I]l GEOItCGY: 

An Introduction to Geology Out-of-doors. 
Bt GRENVILLE a. J. COLE, F.G.S., M.R.I.A., 

Profeasor of Geology in the Royal College of Science for Ireland, 
and Examiner in the University of London. 

GumftAL C0NTBMT8.— The Materials of the Earth— A Mountaih Hollow 
—Down the Valley— Alcms the Shore — Across the Plains — Dead Yoloanoea 
—A Granite Highland— The Annals of the Earth— The Surrey HlUi— The 
If olds of the Mountains. 

**The risomAiiHO *OrsH-Aia Htudibs' of Paov. Ools five the sal^eot a CLew or 
unMAXum . . . oaanot faO to arooae keen interest in gw[ogj:'^etol09kai Mmg^igku. 

'* A avAumra book, beandfolly iUostrated." -Athmumm. 



Beautifuily iliuatrated. With a Frontiapieoe in Coioura, cuid Numerous 
Speoiaiiy Drawn Plates by Charles Whymper. 7$, 6d. 

QP£]l-Alll STUDIES Ijl BIIl]>-UFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 

By CHARLES DIXON. 

The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— Oa 

Open Heath and Moor.— On the Mountains.— Amongst the Evergreens.— 

Copse and Woodland.— By Stream and PooL— The Sandy Wastes and Mud- 

flat8.-;Sea-]ayed Rocks.— '^ids of the Cities.— Indsx. 

''Enriched with excellent illustrations. A welcome addition to all libraries.**— H^/«i- 
mimsitr RtvUw, 
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OESNESRJLI^ PHYSICS. 

Now IN THE Press. Will be ready very shortly. 



Vol. IL Just Poblished. Profusely Illustrated. 28. 6d. net. 

SOUND. 

Contents. — Simple Harmonic Vibration. — Production of Soxmd. — 
Wave Motion. — Propagation of Sound.— Characteristics of Sound. — Re* 
"flection and Refraction of Sound. — Velocity of Sound in Air and Water. — 
Transverse Vibration of Strings.— Longitudinal Vibration of Rods and 
Columns of Air.— Index. 

** Should supply the much -felt need of an elementary treatment of thii subject . • 
-distinctly good.'*— ^ofure. 

Vol. m. Just Published. With 142 Dlnstrations. 3e. 6d. 

Xj I G H T. 

Contents. — Introductory. — Rectilinear Propagation of Liffht. — 
Photometry. — Reflection at Plane Surfaces. — Reflection at SpheHcal 
Surfaces.— Refraction. — Refraction through Lenses. — Dispersion.— Index. 

" This elementary treatise resembles Part IL (Sound) in its attractiveness . . • the 
treatment is good . . . excellent diagrams . . . very clear. "-Votim. qf ImL (^ 
Teachem in Technical InHitiUa. 



Vol. IV. Just Published. With 84 Illustrations. 3s. 6d. net. 

H[ e: A T. 

Contents. — Introductory. — Thermometry. — Expansion of Solids. — 
Expansion of Liquids. — Expansion of Gases. — Calorimetry. — Specific 
Heat. — Liquefaction and Sohdification. — Vaporisation and Condensation. 
— Conduction of Heat. — Convection. — Mechanical Equivalent of Heat. — 
Radiation. — Index. 

In Large 8vo. With Bibliography, Illustrations in the Text, and 
Seven Plates. 12s. 6d. 

THE MEAN DENSITY OF THE EARTH. 

Ah Essay to which the Adams Prize was Adjudged In 1803 in the University of Cambridge, 

By J. H. POYNTING, So.D., F.R.S. 

"Cannot fail to be of great and general interest."— iffA^runtm. 
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A TEXT-BOOK OF PHYSICS. 

By J. H. POYNTINa, So.D., F.It.S., 

Professor of Physics, Birminghmm Unirersity, 

And Sir J. J. THOMSON, M.A., F.It.S., 

Professor of Experimental Physics in the UniYersity of Cambridge. 



Iktroduotobt Volume. Fifth Edition, Revised. Fully lUiistrated. 

lOs. 6d. 



PROPSRrriES OP matter. 

Oonum. — GraTitatioiL — The Acoeleralion of Gravity. — ElMtioi^.<— Stresses and 
Strains.— Torsion.— Bendinf of Bods.— Spiral at)ringB.— OoUlslon.— C o mpr esei b il l ty of 
UqnidsL— Pressnras and volnmes of Oases.— Thermal Bffeeta AoeompanyincStrain.^ 
Oapillarlty.— Snrfaoe Tension.— Laplace's Theory of Oapillarity.— DUfosion of Xiqaids — 
Dlflnaion of Oases.— Yiseosity of Liqnids.— Ikdsx. 

** We regard tiUs book as quite IndisDensable not merely to teachers bat to phycidsts of eTerr 
grade aboTe the lowest."— untvenUn Ccrretpondent, 



VoLUMB II. FiTTH EDITION. Fnlly niostrated. Prioe 8e. 6d. 

S O XJ N^ I>. 



OoaTBMn.- The Nature of Sonnd aiid its chief Characteristics.- The Velocity of Soond 
In Air and otiier Media.- BeHeotion and Befraotion of Sonnd.- Vreqaengy and Plteh of 
Kotes.— Beaonanoe and Forced Oscillations.— Analysis of Vibrations.— The Transrarse 
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OF-«o-i>ATB Stahbamd TaxATisa on Aooostlos.**- X4<«ra<iire. 



Volume HI. Third Edition, Revised. Fnlly lUustrated. Prioe 15s. 

K E iL rr. 

COBTBRTS.— Temperature.— Expansion of Solids.— Liquids.— Oases.— Circulation 
and Convection.— Quantity of Heat; Spedflc Heat.— Conduottrity.— Forms of Energy;. 
CoDserration ; Mechanical Equivalent of Heat.— The Kinetic Theory.— Change of State ; 
Liqold, Vapour.— Critical Points.— Solids and Liquids.— Atmospheric Conditions.— 
Badiation.— Theorr of Exchanges.— Badiation and Temperature.— Thennodynamica.— 
Isothermal and Aolabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Badiation.— INDBX. 

** Well up-to-date, and extremely clear and exact throughout. ... As clear as- 
It would be possible to make such a text-book *'-~NiUure. 

Remaining Volumes in Preparation — 

LIGHT; MAGNETISM AlTD ELECTBICITY. 
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Twenty-sixth Annual Issue. Handsome oloth, 7s. Od . 
(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

or nn 

SCIENTIFIC AND LEARNED SOCIETIES OF OREAT BRITAIM 

AND IRELAND. 

oompHiKD fbom oitioial aouBosa 

OompiiBing {together with ether Offlolai Informatien) LISTS et tht 
PAPERS read during the Seeaton 1908-1909 before all the LEADINS 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
mente of Reeearoh ;— 

4 I. Science OcMraOy: i^.. Societies oocapy^ 
mf themeelves with sereiml Bnncfaetof 
Soeace. or with Sdence sad Literature 

la. ilerhftmartre end Phyrio. 
f |. Owmhtry end Photogrephy- 
f ♦. Geology, Gejmpky, and MiiierahMy. 
4 f. Biology, mclndmg Microecopy end As- 
tliropology. 



i 6. BomomMT Science and Statisdoe. 

I 7. Mfirhanicai Science, Engineering, and 



}9. Naval and MilitaiT ScMooe. 
9. Agriculture and Horticulture. 
Sia Law. 
ill. Literature 
ftza. Plycbology. 



. ArduDology. 



$14. MsDiawB. 



"Fills a vkry real want." — Engineering, 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
faumal, 

'* TIm Ybax-Book of Soobtus is a Record which ought to be of the greatest use tor 
the progress of Science.*' ~^#»rf Plmf/kir, F,R.B., K,C,B., M,P„ Pmst-Pr^ndmi 0/ ikg 
BrmsA A $i § eimHm . 

"It goes almost without saying that a Handbook of this subject wiU be in tinM 
oae of the most gmwally useful wortoi for the librar y or the desk, '*— 7*.(t# TSmu. 

"British Societies are now weii repreeentea In the 'Year-Book of the Scientific and 
Learned Societies of Great Britain and Irehuid.'"— (Art. "Societies'' in New Edition of 
'* Encydopssdia Britannica,*' vol. xxii.) 



Copies of the First Issue, giving an Account of the History, 
Or^ization, and Conditions of Membership of the varioos 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues follawing. 



The YKAR-BOOKOi^ocnmM forms a complete index to the scikntiwc wobk of the 
MSsiona^fSl^^h^^tfiou^Departmenu. It is used as a Handbook in all our great 
SciuiTiPic Ckntrbs, Museums, and Librabibs throughout the Kingdom, and has become 
an IKDISPENSABLE BOOK OF BBFEKENCE to every One engaged in Scientific Work. 
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In Grown 8vo. Handsome Cloth. With 105 Illustrations. 5b. net. 

MECHANICAL ENGINEERING 

By R. S. MCLAREN. 

Contents,— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers.— Steam Baisiug 
Accessories.— Steam Pipes and Valves.— The Steam Engine.— Power Transmission.— Con- 
•deusingPlant.— The Steam Torbine.— Electricity.— Hydraulic Machinery.— Gas and Oil 
Engines.— Strength of Beams, and I'seful Information.- index. 

" The best of its kind we have seen, and should be in the hands of every apprentice."— 
JSteamship. 

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS. 

Crown 8vo. With lUustrcUums and Examination Pampers, 

STEAM AND THE STEAM ENGINE (Elementary Manual of). 

For First- Year Students, forming an Introduction to the Author's larger Work. 
Twelfth Edition, Revised and Enlarged. 3s. 6d. 
"Should be in the hands of byert engineering apprentice."— Pra«tiea/ Engineer. 

MAGNETISM AND ELECTRICITY (Praetieal Elementary Manual 

of). For First- Year Students. With Stud. Inst.C.E. and B. of E. Exanu Questions. 
Eighth Edition, Revised and Enlarged. Ss. 6d. 
•* A THOROCOHLT TRUSTWOKTHT Text-book. Praotical and clear."— A'otur*. 

APPLIED MECHANICS (Elementary Manual of X For First-Year 

students. With B. of E., C. and G., and Stud. Inst.C.E. Questions. Eighth 
Edition, Revised and Greatly Enlarged. 8s. 6d. 
"llie work has very high qualities, which may be condensed into the one word 
CLKAR.* "—Science and Art. 



TEXT-BOOK OF ENGINEERING DRAWING AND DESIGN. By 

Sidney H. Wells, Wh.So. Fifth Edition. Vol. I.— Practical Geometry, Plane and 
Solid, 4s. 6d. Vol. II.— Machine and Engine Drawing and Design, is. 6d. The 
volumes sold separately. 

AN ELEMENTARY TEXT -BOOK OF MECHANICAL DRAWING. 

By John E. Jagger, M.Sc., Wh.Sc. Profusely Illustrated. 

HINTS ON STEAM ENGINE DESIGN AND CONSTRUCTION. By 

CHARLES HussT. SECOND Edftion. With 32 Illustrations. Is. 6d. net. 

THERMO-DYNAMIC PRINCIPLES OF ENGINE DESIGN. By Lionel 
HoBBs, B.N., Instructor in Applied Mechanics and Engine Design at the Royal 
Naval College, Greenwich. 4s. 6d. net 

PRACTICAL CALCULATIONS FOR ENGINEERS. By C. £. La&ard, 
A.M.Inst.C.E., and H.A. GoLDiNO, A.M.I.Mech.E. Second Edition. 6s. net. 

TELEGRAPH SYSTEMS* and Other Notes. By Arthur Crotch, 
of the Engineer-iu-Chiefs Dept, G.P.O. With 32S Illustraitons. 66.net. 

THEODOUTE SURVEYING AND LEVELLING. By Prof. James 
Park, F.G.S. In Crown 8vo. Oloth. Illustrated. 6s. net. 
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HIS HAJESTT THE KING has most graciously condescended 
to accept a copy of each of these books. 



By JOHN MASTIN, F.S.A.Scot., F.L.S., F.C.S., F.R.A.S., 
F.R.M.S., F.B.A. 

In Crown 8vo. Handsome Cloth, Gilt Lettering. Price 68. 

THROUGH THE SUN IN RN 
RIRSHIP. 

A THRILLING SCIENTIFIC ROMANCE. 

** An immeute display of roBource and knowledge on the part of the author . . . 
the adventores and dlBCOveries are well worth following."— T'ttncw Literary Supplement, 

" Mr. Mastiu manages to make his tale absorbing at all points, the interest never 
slackens, his imagination nerer fails. The suggestions opened out are numerous and 
appaling. Some of the discussions are on very deep subjects, and thon^ they do not 
lead us far. and are hardly as Illuminating as the utterances of poets, they are put 
down soberly and in a convincing manner, which shows that the author takes his ork 
seriously. His scientific knowledge aids him well in his task, and has enabled him 
produce a fine novel as attractive to boys as to grown up people. "—Datfy Telegraph. 



COMPANION VOLUME TO THE ABOVE. 
In Crown 8vo. Uniform with the above. Price 38. 6il. 

THE STOLEN PLANET, 

SOME PRE88 OPINIONS OP THIS. 

"Certain it is that the reading of this capital story will prove exciting, for compared 
with the adventures therein written, the books of Jules verne and H. O. Wells read 
like the placid pages of Hiss Austen's novels. '—Daily Telegraph. 

'* Mr. Mastin's ingenious and engaging fantasy . . . he is to be commended for 
resource, ingenuity, and persistent viip^ur of narrative." — Qlaagow Herald. 

*' It is a graphic and exciting iaAe."— Times. 



THE ADVENTURES OF A SOUTH POLAR EXPEDITION 
In Crown 8vo. Handsome Cloth. Price 68. 

THE immORTRL LIGHT, 

PRESS OPINIONS. 

* More daring than Poe's * Narrative of Arthur Gordon Pym of Nantucket * is Mr. 
Mastin's romance of Antarctic adventure ; for Poe, having Introduced a giant * of the 
perfect whiteness of the snow,' regrets the loss of his crowning chapters. Certainly, if 
the matter which they contained 'relative to the Pole itself, or at least to regions In 
its very near proximity,' was as sensational as < The Immortal Light,' the loss is deplor- 
able. . . . The storv is wildly Improbable, but confronts Incredulity with a 
considerable display of scientific detail. A strong religious feeling animates the last 
p«rt of the \ioo\i:'—AihenfBum. 



These three volumes are uniform in size and binding. 
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